The Dirt on Prehispanic Water Management at Palmarejo, Honduras by Darley, Zaida
University of South Florida
Scholar Commons
Graduate Theses and Dissertations Graduate School
2011
The Dirt on Prehispanic Water Management at
Palmarejo, Honduras
Zaida Darley
University of South Florida, zdarley@mail.usf.edu
Follow this and additional works at: http://scholarcommons.usf.edu/etd
Part of the American Studies Commons, and the History of Art, Architecture, and Archaeology
Commons
This Thesis is brought to you for free and open access by the Graduate School at Scholar Commons. It has been accepted for inclusion in Graduate
Theses and Dissertations by an authorized administrator of Scholar Commons. For more information, please contact scholarcommons@usf.edu.
Scholar Commons Citation
Darley, Zaida, "The Dirt on Prehispanic Water Management at Palmarejo, Honduras" (2011). Graduate Theses and Dissertations.
http://scholarcommons.usf.edu/etd/3062
 
 
 
The Dirt on Prehispanic Water Management 
 
at Palmarejo, Honduras  
 
 
 
by 
 
 
 
Zaida Enid Darley 
 
 
 
 
 
A thesis submitted in partial fulfillment 
of the requirements for the degree of 
Master of Arts 
Department of Anthropology 
College of Arts and Sciences 
University of South Florida 
 
 
 
Major Professor: Karla L. Davis-Salazar, Ph.D. 
Philip Reeder, Ph.D. 
E. Christian Wells, Ph.D. 
Rebecca Zarger, Ph.D. 
 
 
Date of Approval: 
July 14, 2011 
 
 
 
Keywords: archaeology, political economy, environmental anthropology, GIS, soil 
analysis 
 
Copyright © 2011, Zaida Enid Darley 
 
 
  
  
Acknowledgments 
 
 The long journey towards the completion of my thesis would not have been 
possible without the support of so many people in my life. I would like to thank my 
committee, Karla L. Davis-Salazar, Philip Reeder, E. Christian Wells, and Rebecca 
Zarger for taking the time to help me focus my often unfocused compilation of thoughts. 
The research presented here is part of the Palmarejo Community Archaeological Project 
(PACP), directed by E. Christian Wells, Karla L. Davis-Salazar, and José E. Moreno-
Cortés, which is funded by the National Geographic Society, the Foundation for the 
Advancement of Mesoamerican Studies, and various granting agencies at the University 
of South Florida. The work in Honduras could not be achieved without cooperation with 
the Honduran Institute of Anthropology and History, and the hard work of our Honduran 
field crew. 
 I am especially grateful for the friendship of José Moreno-Cortés, Jeff DuVernay, 
Cordelia Frewen, Will Klinger, Lorena Mihok, Claire Novotny, and Carylanna Taylor as 
well as the numerous grad students that joined us at Mr. Dunderbak’s to cry over a pint of 
beer while figuring out the meaning of grad school. Their advice and support are 
priceless. And finally, I am extremely grateful for the patience and support of my 
husband Rod, my daughter Amelia, and my parents Liz and Ed Rivera. I pursued this 
degree not only for my own achievement but also to be a positive role model to my 
daughter. I love you very much for putting up with this crazy ride. You earned this degree 
just as much as I did. Of course, I couldn’t have accomplished this degree without my 
own positive role models, my parents. I remember how hard my mom worked to go to 
college while taking care of three kids and holding a job, while my dad supported her 
every step of the way. 
i 
 
 
 
 
 
 
           Table of Contents 
 
List of Tables ....................................................................................................................  iii 
 
List of Figures ......................................................................................................................v 
 
Abstract ............................................................................................................................ viii 
 
Chapter 1. Introduction ........................................................................................................1 
 Organization of the Thesis .......................................................................................4 
 
Chapter 2. Water Management and Political Economy .......................................................6 
 Past Research into Water Management ...................................................................6 
 Attributes of Water Management...........................................................................12 
 Case Studies ...........................................................................................................20 
 Tikal ...........................................................................................................21 
 Kinal ...........................................................................................................23 
 Copán .........................................................................................................26 
 Chawak But'o'ob ........................................................................................28 
 Summary ................................................................................................................30 
 
Chapter 3. Previous Archaeological and Ethnographic Research .....................................32 
 Archaeological Investigations Prior to 2004 ..........................................................32 
 Archaeological Investigations: 2004 - 2007 ..........................................................34 
 Ethnographies of Honduras....................................................................................44 
 Expectations ...........................................................................................................46 
 Summary ................................................................................................................50 
 
Chapter 4. GIS-based Analyses .........................................................................................51 
 GIS-based Approach ..............................................................................................51 
 Spatial Analyses .....................................................................................................54 
 Digital Elevation Model .............................................................................55 
 Hydrologic Model ......................................................................................57 
 Results of Spatial Analyses ....................................................................................60 
 Summary ................................................................................................................64 
 
Chapter 5 Archaeological Excavations ..............................................................................65 
 Archaeological Excavations...................................................................................65 
 Operation 114A ..........................................................................................67 
ii 
 
 Operation 115A ..........................................................................................70 
Artifact Analysis .........................................................................................................74 
Results of Artifact Analysis ........................................................................................76 
Summary .....................................................................................................................80 
 
Chapter 6. Soil Analyses ....................................................................................................82 
Soil Samples ...............................................................................................................82 
 Op. 114A - Soil Samples from Unit...........................................................83 
 Op. 114B - Soil Auger Probe .....................................................................84 
 Op. 115A - Soil Samples from Trench ......................................................84 
Soil Analyses ..............................................................................................................84 
 Physical Characteristics .............................................................................87 
 Chemical Characteristics ...........................................................................89 
Results of Soil Analyses .............................................................................................91 
Categorizing the Feature .............................................................................................94 
Calculating Sustaining Capacity .................................................................................95 
Summary .....................................................................................................................98 
 
Chapter 7. Discussion ........................................................................................................99 
Water Catchment System ...........................................................................................99 
Spatial Relationships ................................................................................................103 
Water-related Imagery ..............................................................................................105 
Sustaining Capacity ..................................................................................................106 
Comparing with Maya Case Studies ........................................................................109 
Summary ...................................................................................................................111 
 
Chapter 8. Conclusion ......................................................................................................113 
Future Research ........................................................................................................115 
Applied Archaeology ................................................................................................116 
 
References Cited ..............................................................................................................121 
 
Appendix A. Artifact Catalog ..........................................................................................131 
 
Appendix B. Table of Soil Analyses................................................................................138 
 
Appendix C. Figures and Tables of Exploratory Data Analyses .....................................148 
 
  
iii 
 
 
 
 
 
 
List of Tables 
 
Table 2.1. A sample of standard water requirements excerpted from WHO (2005), 
expressed in liters per capita per day (Lpcd). ..............................................................16 
 
Table 2.2. Calculated amount of people that can be sustained with the volume of 
water collected at the reservoirs in Tikal, which has an estimated population 
of 60,000 people. Volume from Scarborough and Gallopin 1991. ..............................23 
 
Table 2.3. Calculated amount of people that can be sustained with the volume of 
water collected at the reservoirs in Kinal, which has an estimated population 
of 12,000. Volume from Scarborough et al 1994. .......................................................25 
 
Table 2.4. Calculated amount of people that can be sustained with the volume of 
water collected at the lagoons in Copán, which has an estimated population of 
20,000 – 25,000. Volume calculated from Davis-Salazar 2001. .................................27 
 
Table 2.5. Calculated amount of people that can be sustained with the volume of 
water collected at the basins in Chawak But’o’ob, which has an estimated 
population of 1,000 people. Volume from Walling et al. 2005. ..................................30 
 
Table 2.6. Summary of water management at each site. ...................................................31 
 
Table 4.1. Arbitrary datums established for the Total Station later collected with 
Trimble GPS Backpack Unit in GCS WGS 1984. .......................................................54 
 
Table 6.1. Values used in calculating the volume of water with their results. ..................97 
 
Table 6.2. Sustaining capacity of the depression at Palmarejo. .........................................97 
 
Table 7.1. Sustaining capacity of the depression adjusted to consider a 180-day 
dry period. ..................................................................................................................107 
 
Table 7.2. Summary of water management attributes of Maya case studies and 
Palmarejo. ..................................................................................................................111 
 
iv 
 
Table A.1. Catalog of artifacts recovered from Operations 114A and 115A. .................132 
 
Table B.1. Analysis results for soils collected in Operations 114A, 114B, and 
115A as well as soils analyzed by Lincoln (2007). ...................................................139 
 
Table C.1. ANOVA of the four groups categorized based on EDA results. ...................151 
 
Table C.2. Scheffe Post Hoc test .....................................................................................152 
  
v 
 
 
 
 
 
 
List of Figures 
 
Figure 2.1. The different landscapes of water management (modified from 
Scarborough 2003). ........................................................................................................9 
 
Figure 2.2. Hierarchy of water requirements inspired by Maslow's hierarchy of 
needs. Medium term allocations in this figure include domestic agriculture 
and sanitation, which are not included in the calculations for personal water 
needs. Also, note that with an increase of available water there is a decrease in 
water quality (red box) (modified from WHO 2005). .................................................19 
 
Figure 2.3. Convex system of water management found at Tikal (modified from 
Scarborough 2003). ......................................................................................................22 
 
Figure 2.4. Isometric map of Tikal shows the extent of water management 
(modified from Scarborough 2003). ............................................................................22 
 
Figure 3.1. Location of Palmarejo Valley (red box) in reference to the Naco 
Valley and San Pedro Sula (modified Google map image, acquired June 2011).
......................................................................................................................................33 
 
Figure 3.2. The archaeological sites and their classification in the Palmarejo 
Valley (modified from Wells et al. 2004:9). ................................................................36 
 
Figure 3.3. The archaeological site of Palmarejo (modified from Wells et al. 
2004). ...........................................................................................................................37 
 
Figure 3.4. Image of the Trimble total station topographic points collected during 
the 2004 field season. Linear gaps of points are the locations of roads, which 
were not mapped. .........................................................................................................39 
 
Figure 3.5. Three-dimensional computer generated representation of Palmarejo 
(adapted from Wells et al. 2004:6). .............................................................................39 
 
Figure 3.6. Figure of wetlands investigated in various lowland Maya 
archaeological sites (adapted from Darley 2008). .......................................................42 
vi 
 
Figure 3.7. Figure of wetland terms and their characteristics based on U.S. 
Environmental Protection Agency standards for wetlands (adapted from 
Darley 2008). ...............................................................................................................43 
 
Figure 4.1. Contour map of Palmarejo in 0.25 m intervals with the locations of 
Operation 114A, 114B, and 115A. Solid lines represent 1m intervals. 
Archaeological site map from Davis-Salazar et al. 2007. ............................................56 
 
Figure 4.2. Watershed analysis at a 500 pixel threshold. Stream Network 
displayed at a 300 pixel threshold. The approximate depression boundaries 
based on contours is highlighted in red........................................................................59 
 
Figure 4.3. Image of the depression boundary (outlined in red) and civic-
ceremonial center portion of the site. Highlighted in blue are the micro-
watersheds that contribute to the depression. ..............................................................61 
 
Figure 4.4. Stream networks along with archaeological sites for the Palmarejo 
Valley. Streams were derived in several ways.............................................................62 
 
Figure 5.1. The site of Palmarejo with Op. 114A and Op. 115A highlighted in red 
(modified from Davis-Salazar et al. 2007:11). ............................................................66 
 
Figure 5.2. Profile of Op. 114A showing all four walls starting with the east wall 
on the left and panning south to end with the north wall profile (modified from 
Davis-Salazar 2007:13). ...............................................................................................68 
 
Figure 5.3. Examining the gleyed color of soils from Op. 114A against Munsell 
color chart. ...................................................................................................................69 
 
Figure 5.4. Plan view of feature FRESA, located 1.2 m below surface in Op. 
114A (adapted from Davis-Salazar 2007:14). .............................................................70 
 
Figure 5.5. Profile of Units 1 through 10 of Operation 115A (modified from 
Davis-Salazar 2007:16). ...............................................................................................71 
 
Figure 5.6. Op. 115A facing northwest..............................................................................72 
 
Figure 5.7. Features BANANO, upper terrace, and NARANJO, lower terrace. ...............72 
 
vii 
 
Figure 5.8. Photo of Op. 115A Unit 2. Note the colluvial layers (red arrow) that 
start below the level of the structure foundation. .........................................................73 
 
Figure 5.9. Stacked bar graph of Operation 114A. ............................................................76 
 
Figure 5.10. Artifact distribution of Op. 115A. .................................................................78 
 
Figure 5.11. Artifact distribution minus the snail shell material of Op. 115A. .................79 
 
Figure 5.12. Snail shell distribution of Units 1 through 10 of Op. 115A. .........................79 
 
Figure 6.1. Op. 114A (2 m unit in the center) and Op. 114B (probes around the 
unit) were located west of the civic-ceremonial center. Op. 115A was located 
south of the civic ceremonial center (modified from Davis-Salazar et al. 
2007:11). ......................................................................................................................85 
 
Figure 6.2. Figure of probe (labeled cores) locations, numbering, and group 
assignment. Depression boundary shown in dark red. .................................................92 
 
Figure C.1. Boxplot of percent of clay from B horizons. ................................................149 
 
Figure C.2. Boxplot of percent of organics from B horizons. .........................................149 
 
Figure C.3. Boxplot of pH levels from B horizons. .........................................................150 
 
Figure C.4. Boxplot of ppm of phosphorus from B horizons. .........................................150 
 
Figure C.5. Boxplot of ppm of potassium from B horizons. ...........................................151 
 
  
viii 
 
 
 
 
 
 
Abstract 
 
 Water is an essential resource for human life. Even in the tropical environment of 
the Maya Lowlands, water scarcity is a concern, because the region cycles between 
abundant rainfall and seasonal droughts. To understand how societies flourished during 
periods of water scarcity, archaeologists have studied prehispanic water management in 
the Maya Lowlands. Yet, water management research has tended to focus predominantly 
on large urban Maya populations, excluding smaller-scale societies that face the same 
challenges associated with water scarcity. This study investigates the neighboring non-
Maya society of Late Classic (A.D.650-900) Palmarejo in northwestern Honduras to 
explore how water management was organized in a rural setting. Utilizing GIS, soil 
science, and archaeological investigations, this study explores how Palmarejo’s residents 
may have collected and stored water for certain sectors of the population. This 
investigation suggests that the elite may have legitimized their rights over water using 
monumental architecture and site planning. 
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Chapter 1  
Introduction 
 
 As an essential resource to human life, water has shaped societies worldwide and 
throughout time (e.g., Geertz 1972; Scarborough 2003; Wittfogel 1955). Archaeologists 
have used the long-term perspective of the discipline to investigate the relationships 
between humans and water resources in various geographic and temporal contexts (e.g., 
Davis-Salazar 2001). In the Maya Lowlands, archaeologists have extensively researched 
water management of the ancient Maya to understand its effect on culture and the 
environment (e.g., Davis-Salazar 2001; Kunen 2004; Scarborough 2003). Yet, little is 
known about water management among smaller neighboring non-Maya societies. 
Therefore, this study investigates water management at Late Classic (A.D. 650-900) 
Palmarejo in northwestern Honduras to explore how water management was organized in 
a neighboring non-Maya society. Specifically, I address the questions: did ancient 
Palmarejo inhabitants engage in water management, and if so, did they utilize similar 
water management techniques as the ancient Maya or develop new techniques?  
 The majority of ancient water management research in the Maya Lowlands was 
conducted among large ancient urban populations where prehispanic people used bajos 
(seasonal swamps) and reservoirs, among other techniques, to collect and store water. 
Specific components, such as the location of reservoirs adjacent to elite structures and the 
manipulation of the landscape to direct the flow of water, suggests that elites may have 
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controlled aspects of water management, from engineering to allocation (Scarborough 
2003). Yet, archaeologists have not investigated water management among neighboring 
cultures interacting with the Maya who may have developed or adopted similar 
techniques. Non-Maya people living at smaller neighboring sites, such as Palmarejo, 
would have faced the same challenges of accessing water during dry periods as the 
lowland Maya. In these smaller communities, aguadas (sinks) and quebradas (seasonal 
streams) may have played a role in water management techniques.  
 In this study I investigate the ways and extent to which the people at the site of 
Palmarejo may have used aguadas and quebradas as part of their water catchment 
system, and I consider the social and political implications that may have derived from 
this form of water management. I identify and compare elements of water management 
used by the lowland Maya to similar elements identified at Palmarejo. I use the lowland 
Maya for comparison, because Palmarejo is located in the periphery of the lowland Maya 
region and traded with the Maya. Therefore, the people of Palmarejo could have 
duplicated techniques and altered them to fit their environment. I argue that the elite in 
Palmarejo collected and stored water to sustain a portion of Palmarejo’s population as 
well as to demonstrate, to neighboring polities, control over a precious resource. This 
implies that the elite used water management to gain political and social capital within 
the Palmarejo Valley and possibly portions of southeastern Mesoamerica. In addition, the 
results of this study provide information on the geographic and cultural variation of water 
management among Maya and non-Maya peoples.  
 Theoretical models that investigate ancient water management suggest a 
correlation between social and political organization and water management techniques 
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(e.g., Wittfogel 1955). These techniques include the engineering and construction of a 
water catchment system, the pattern in the spatial relationships between elite structures 
and the water catchment system, water-related imagery to reinforce control over water 
resources, and the sustaining capacity of the water catchment system (Davis-Salazar 
2001, 2003; Fash and Davis-Salazar 2006; Kunen 2006; Scarborough 1993, 1996, 2003; 
Scarborough et al. 1994; Scarborough and Gallopin 1991; Wittfogel 1955, 1957a, 1957b, 
1972). I examine the water management techniques of four lowland Maya sites in order 
to create a model for investigating water management at Palmarejo. The case studies used 
in this investigation demonstrate recurring patterns in water management with some 
variation specific to local environmental and socio-political conditions. This tradition of 
adapting regional patterns to local conditions has been suggested for Palmarejo as well as 
with regards to identity. Specifically, previous investigations at Palmarejo suggest that 
the elite adopted regional identity markers in order to affiliate with elites at neighboring 
sites yet altered them to make them their own (Novotny 2007). In addition, preliminary 
data suggest that Palmarejo had the capacity to collect and store water (Lincoln 2007). 
Palmarejo could provide another facet to our understanding of prehispanic water 
management. 
 To investigate water management at Palmarejo, I used a multidisciplinary 
approach. Along with traditional archaeological excavations, I utilized a Geographic 
Information System (GIS) and soil science to study the different characteristics 
associated with water management. A GIS approach allowed me to study the hydrology 
and spatial relationships of water-related features and structures, while soil analyses and 
excavations “ground-truthed” models generated from the GIS. Using these approaches, I 
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was able to identify and observe how different elements of water management functioned 
collectively at a site. 
 
Organization of the Thesis 
 In this chapter I introduce the problem, the gap in knowledge, and goals of this 
study. In Chapter 2 I discuss theoretical perspectives of ancient water management as 
well as introduce a new method for calculating the sustaining capacity of water 
catchment systems. In addition, I describe four case studies representing different forms 
of water management in the Maya Lowlands. In Chapter 3, I discuss the geographic 
setting of Palmarejo and the Palmarejo Valley and summarize previous archaeological 
investigations in the area. I supplement the archaeological investigations with 
ethnographic data from Honduras in order to provide a local, non-Maya perspective on 
water. This perspective is important because, like the ancient people of Palmarejo 
(Novotny 2007), the indigenous, non-Maya people from Honduras may share a regional 
view of water that are modified to fit local beliefs and traditions. I conclude Chapter 3 
with a model for investigating water management at Palmarejo formed from previous 
archaeological research on water management, archaeological research in the Palmarejo 
Valley, and previous ethnographic research. 
 In Chapter 4, I outline the three methods used in this research and describe the 
first method utilized in identifying and evaluating water management at Palmarejo. The 
first method is the GIS approach and, in this chapter, I discuss the data and results from 
this method. I introduce hydrologic modeling as part of my GIS approach, which is a 
technique that has not been considered previously in ancient water management studies. 
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In Chapter 5 I discuss two archaeological excavations conducted on features that had the 
capacity to hold water, the data recovered from the excavations, and the results of the 
artifact analysis. In Chapter 6 I discuss the third and final method used in this research, 
soil analyses. I explain the soil sampling methods, the physical and chemical soil 
analyses conducted on samples, and discuss the results of the analyses. 
 In Chapter 7, I combine the results of the three methods used in investigating 
water management at Palmarejo and compare them to the model introduced in Chapter 3 
and the case studies presented in Chapter 2 in order to suggest whether water was 
managed at Palmarejo and how water management was demonstrated. I conclude with 
Chapter 8, which discusses the implications of my findings and recommends further 
archaeological investigations. 
 This study adds a non-Maya perspective to water management in the Maya 
Lowlands, which to date has focused on the Maya living in large urban centers. 
Palmarejo demonstrates how the people at this small polity with similar, if not greater, 
water scarcity adapted some regional water management techniques. Yet, the techniques 
do not maximize the full potential to collect and store water. The water that was collected 
may have been available to a small percentage of the population, the elite, who may have 
legitimized their rights over water using monumental architecture and site planning. 
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Chapter 2  
Water Management and Political Economy 
 
 Water is an essential natural resource for life. Yet, it has only been in the past half 
century that the value of water has been studied in Mesoamerica. This chapter discusses 
the history of research into ancient water management, focusing on the Maya Lowlands, 
and how it is studied as a political and economic commodity that shaped Maya society. In 
addition, four case studies are examined to showcase the diversity of local adaptation to 
water management in a lowland environment. Despite the diversity, the absence or 
presence of certain physical components of a water management system may be used to 
infer to the socio-political context of a site. 
 
Past Research into Water Management 
 Water management research began with studies of agriculture. The ability to 
produce food allowed people to settle in an area year round. This sedentary lifestyle led 
to larger population densities and higher demands on agricultural production. To manage 
the demands, agricultural production necessitated an increase in bureaucracy and 
government (Johnson and Earle 1987; Smith 2003). Thus, it is generally agreed, with 
some debate (Carneiro 1970; Kirch 1988), that the beginnings of states are often rooted in 
agriculture. Wittfogel (1957b) and Steward (1972) take this argument even further by 
connecting agricultural irrigation to state formation. 
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 Influenced by Marx’s (1970 [1846]) Asiatic mode of production, Wittfogel (1955, 
1957a, 1957b, 1972) created an approach to understanding the complexity of non-
Western societies through agricultural irrigation, termed the “Hydraulic Hypothesis.” 
Wittfogel (1955:44) defines hydraulic societies as “agrarian societies in which agro-
hydraulic works and other large hydraulic and non-hydraulic constructions, that tend to 
develop with them, are managed by an inordinately strong government.” According to 
Wittfogel (1955:46), a strong government has the power and organization to manage the 
labor necessary to construct such large scale projects: exemplary hydraulic societies, such 
as Egypt, are found in arid environments that depend on hydraulic agriculture overseen 
by an extreme “bureaucratic-managerial apparatus.” Wittfogel (1955) labels the lowland 
Maya as marginal hydraulic societies since they had little or no hydraulic (engineered) 
agriculture, depending mostly on rainfall for irrigation, and yet they were able to organize 
labor to construct monumental architecture. This environmentally deterministic approach 
is reinforced by Julian Steward (1972:198-199), who suggests that the Yucatan Maya 
were a peaceful people due to their dependence of precipitation in slash and burn 
agriculture in lieu of constructing irrigation systems like the Warring States in arid 
regions of the Old World. However, Steward’s idea that a culture adapts to its 
environment, while cultures incapable of adapting die out is no longer accepted 
(Townsend 2000:15). One critique of this approach is that it focuses on the outcome of 
cultural adaptation and does not take into account maladaptive behavior within culture 
(Ibid.). 
 Wittfogel’s hypothesis was not tested in Mesoamerica until the 1970s. Agriculture 
in the Maya Lowlands is characterized as swidden (slash and burn) agriculture that is 
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irrigated by rainfall. Looking at other means of subsistence, Denevan and Turner (1974) 
studied raised-field agriculture in both wetland and non-wetland environments in order to 
understand prehispanic subsistence patterns. In wetland environments, soil was mounded 
up to create small islands that allowed the water to flow and drain around them. Denevan 
and Turner inspired others to study raised-field agriculture in wetland environments (e.g., 
Puleston 1977, 1978; Turner II and Harrison 1983). Around the same time, other 
archaeologists found evidence of canal systems that were used for agriculture (e.g., 
Matheny 1976; Siemens and Puleston 1972). Matheny (1976) suggests that canals also 
served as a source of drinking water at the site of Edzna in Yucatan Mexico, noting that 
there were no other readily available water sources. These studies add a new dimension 
to hydraulic agriculture.  
 In the 1980s, Scarborough shifts the focus of water management from irrigation to 
drinking water. Inspired by Wittfogel’s hypothesis, Scarborough (1993) proposes a 
centralized system of water management where the lowland Maya engineered sites to 
collect water in different catchments with the civic-ceremonial center, or elite residences, 
located at the center of the system. Scarborough interprets the spatial relationship 
between the elite and the center of water management systems as a sign of direct control. 
Scarborough (2003) suggests that during the late Preclassic period (400 B.C. – A.D. 250) 
abundant amounts of water were collected in reservoirs by using the natural grade of the 
land. The largest reservoir was located at the bottom of a concave landscape with elite 
palaces built adjacent to this reservoir (Figure 2.1). Engineering of this scale required a 
strong government, as argued by Wittfogel in the case of irrigation agriculture; elite 
structures adjacent to reservoirs suggest that strong government. 
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Figure 2.1. The different landscapes of water management (modified from Scarborough 
2003). 
 
 
 The engineering design of water management systems changed over time. During 
the Classic period (A.D. 250 – 900), the Maya often modified the physical landscape into 
a convex system in which the elite were at a higher elevation adjacent to large reservoirs 
with water flowing down to the rest of the population. Scarborough (2003) explains that 
the reason for this change was so that the elite could acquire and control the cleanest 
water. In addition, at some Classic Maya sites, plaza floors and structure rooftops were 
designed to divert water towards canals or swales and then towards reservoirs, aguadas, 
and bajos; sometimes in that order (e.g., French 2002; Scarborough 2003). Because of the 
volume of water the seasonal rainfall brings to this area, a series of check dams were used 
to slow the water down. Slowing the flow of water prevented erosion of the canal edges 
Central 
Reservoir 
 
 
Central 
Reservoir 
 
 
Elite Elite 
Elite Elite 
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and allowed any suspended material to settle. The farther the water flows downhill, the 
more suspended materials it is likely to carry, which means there is a reduction in the 
quality of the water (Scarborough 1998:141). Scarborough (1996) has also suggests that 
the elite could interrupt the flow of water to people living downhill with the use of sluice 
gates, although no one has discovered evidence of such structures yet. The presence of 
such a complex system suggests that someone in authority had to organize and enforce 
the design, construction, and maintenance of water management systems for the entire 
polity (Scarborough 1996). 
 In contrast, some archaeologists argue for indirect control due to varying 
circumstances. Davis-Salazar (2001, 2003) discusses how lesser elites in urban residential 
sectors, rather than the royal elites in the civic-ceremonial center, managed water at 
Copán, in western Honduras. She investigated two lagoons surrounded by elite residential 
groups. Some of the elite residential structures were adorned with water-imagery 
typically associated with the royal elite and interpreted as a representation of authority 
over water management (Fash 2003). In addition, she recovered ceramics that suggest the 
performance of possible feasting and/or water rituals. Such artifacts include incensarios 
(incense burners), as well as utilitarian ceramics used in water collecting, storing, and 
cooking. 
 Another perspective on indirect control comes from Kunen (1996, 2004, 2006), 
who argues against a tight elite control over water resources. She (Kunen 1996, 2006) 
and others (Scarborough et al. 1999) suggest that the lowland Maya may have more in 
common with the Balinese and their use of shrines to manage and allocate water. Bali’s 
village-based irrigation, or subaks, is a network of irrigation canals and tunnels that were 
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connected by water temples (Lansing 1987). The subak systems were maintained by the 
villagers, and irrigation schedules and management were regulated by the ritual roles of 
the water temples. The water temples formed a ritual hierarchy similar to that of the state. 
However, the irrigation network functioned parallel to state control. In the Far West Bajo 
in Belize, bajo communities may have functioned in a similar way (Kunen 2004, 2006): 
household or lineage shrines can often be found at the eastern side of residential 
courtyards, which may identify community leaders that have rights over resources 
(Becker 1971, 1988, 1999; Haviland 1981, 1988; McAnany 1995, 1998). However, such 
architectural and spatial correlations to water management need further exploration. 
 Examples of indirect control over water management require a modification to the 
economic theories on the topic. In the past decade, Scarborough (2003; Scarborough and 
Valdez 2003, 2009) has expanded on his hierarchical model of water management to 
include a heterarchical approach. Inspired by Carole Crumley (1987), heterarchy helps 
explain the variability in water management. Crumley (1995:3) suggests that “heterarchy 
may be defined as the relation of elements to one another when they are unranked or 
when they possess the potential for being ranked in a number of different ways. For 
example, power can be counterpoised rather than ranked.” The concept of heterarchy 
provides flexibility necessary for interpreting water management at smaller sites that do 
not fit neatly into a centralized model. As demonstrated in the Three Rivers Region in 
Belize, Scarborough and Valdez (2009) explain the interaction between sites with 
hierarchical and heterarchical economies. They suggest that resource-specialized 
communities functioned in an interdependent network separate from large monumental 
centers. Termed “dualistic economies,” small communities functioned independently, yet 
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produced a resource-specialized surplus, which was exchanged with other communities 
in the network. This relationship existed in the periphery of the state with individual 
communities lacking hierarchy or stratification of classes. However, communities still 
paid respect to the larger center by giving offering rather than paying tribute, suggesting 
that the communities had the power to negotiate their relationship to the center, or 
hierarchy. This model may help explain some of the relationships between hinterlands 
and large monumental centers. 
 
Attributes of Water Management 
 There are some common features in water management that can be gleaned from 
the literature despite the diversity in specific features. For example, how water is stored 
and controlled depends not only on the materials used (e.g., Davis-Salazar 2001, 2003), 
but also on their location and engineering efforts (e.g., Kunen 1996, 2004, 2006; 
Scarborough 1993, 1996, 2003). The pattern in the spatial relationship between structures 
and a water catchment system suggests the type of control over water management, 
whether centralized or decentralized. As theorized by Scarborough (1993), a centralized 
system will have catchments adjacent to the civic-ceremonial center, which act as the 
holding tank for water. The elite had access to the cleanest water and control over the 
allocation of this resource. While in a decentralized system, catchments are not adjacent 
to the civic-ceremonial center (e.g., Davis-Salazar 2001, 2003; Scarborough et al. 1994). 
As Davis-Salazar (2001, 2003) demonstrates, they can consist of many smaller 
catchments scattered throughout the polity implying possible community-level control. 
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 In addition, the construction and the function of water catchment systems depend 
on the population. According to Marx (1970 [1846]) and Wittfogel (1955), the population 
is the labor force that would construct and maintain the water catchment system. 
However, I suggest that the population has another role, that of consumer. Water 
management efforts were not only to provide water for the elite but also collected a 
surplus of water for the population during times of drought (Scarborough 1993). In turn, 
the elite gained power by providing a seasonally scarce commodity to the common 
people. Allocation of water to parts of the population could have implications for class 
status and identity (Scarborough 1993, 1996, 2003). This stratification can be seen in 
imagery, which reflects the social and political organization of water management. For 
example, Fash and Davis-Salazar (2006) show how elites used water imagery in pottery 
and architecture to reinforce their authority over water management. Even in a bajo 
community that has indirect control over water management, household shrines are part 
of that identity and reinforce water rights (Kunen 2006). 
 Based on the research described previously, I divide water management into four 
basic elements of study that archaeologist have used to make inferences about the socio-
political organization of a polity. These elements are: 1) the water catchment system, 2) 
patterns in the spatial relationships between structures and the water catchment system, 3) 
imagery that may reflect the role water plays in culture, and 4) the sustaining capacity of 
the water catchment system. First, the size and design of a water catchment system have 
been used to infer the degree of planning and organization necessary to construct such 
features. Based on previous research (e.g., Davis-Salazar 2001, 2003; Scarborough 1993, 
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1996, 2003; Scarborough and Gallopin 1991; Scarborough et al. 1994), a water 
catchment system designed to collect and store water will include the following:  
a. catchments, which are water-holding and storing features such as 
reservoirs and aguadas 
b. grading, which is manipulation of ground and structure surfaces to divert 
water to canals and/or catchments 
c. swales and/or canals, which direct water to catchments, and 
d. check dams and/or weirs, which control the speed and flow of water 
The second basic element of water management is the patterns in the spatial 
relationship between structures and the water catchment system. There are at least three 
different relationship associations that have been discussed in this chapter: elite, 
community, and household. Scarborough (2003) argued that the presence of elite 
structures adjacent to large reservoirs suggests direct and centralized control of water 
management, while Davis-Salazar (2001) demonstrated an example where reservoirs 
were located within the community, which suggests an indirect and decentralized water 
management system. At a smaller scale, Kunen (2006) observed the alignment of water 
features to household (or lineage) shrines in bajo communities, which may suggest 
family rights over resources.  
 The third element is the imagery that may reflect the role water plays in a culture. 
Fash and Davis-Salazar (2006) explore the use of iconography to reinforce control over 
water management. Water imagery, such as reed mat motifs or water lilies, was used to 
adorn elite structures or elite headdresses. However, I argue that to some degree that the 
spatial relationships between water features and structures are part of that imagery. For 
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example, Kunen (2006) demonstrated how household shrines located to the east of a 
water feature could be interpreted as a visual representation of rights over resources such 
as water provided by the bajo, just like reservoirs tucked away in a community may 
symbolize the right over the management of that resource (see Davis-Salazar 2001). 
 The last element is the sustaining capacity of the water catchment system. 
Archaeologists have measured the holding capacity of the catchments, yet few have 
translated this amount to how much of the population could be sustained during a 
drought. Wittfogel (1955) argued that a strong government with a large labor force was 
needed to undertake large water projects. The dynamic between the elite and the common 
people in terms of water management may be better understood by knowing not only who 
could have access to water but also how much water they had access to. To date, the only 
researcher to make an attempt at translating water volume to sustaining capacity in the 
Maya region was McAnany (1990). 
 When examining the water storage capacity in the Puuc Region, McAnany (1990) 
calculated how many people were serviced by chultunes using an allocation of 2.4 liters 
per day per person for human consumption only. McAnany (1990:269) also suggests that 
“to allow for the use of water for purposes other than human consumption, that is, for 
washing, ceramic production, pot irrigation, or construction activities such as mixing lime 
plaster and mortar,” this amount has to be doubled to 4.8 liters per day per person. The 
doubled amount is based on an assumption. Nevertheless, McAnany has been the only 
person to translate water-holding capacity to water-sustaining capacity.  
 In comparison, the World Health Organization (WHO 2005) recommends much 
higher allocations of water for contemporary populations. WHO’s standard water 
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requirements were created for emergency situations in an effort to reduce illness 
associated with the lack of water access and water quantity. WHO calculated these 
allocations to get a community through a difficult time, which I argue is comparable to a 
seasonal drought since water access and water quantity may be limited during this period. 
WHO’s allocations concentrate on individual (personal) needs but also consider 
productive needs, such as providing for livestock and agriculture (Table 2.1). I use these 
standards to calculate how much of the population could be sustained with the water 
stored in a catchment. 
 
Table 2.1. A sample of standard water requirements excerpted from WHO (2005), 
expressed in liters per capita per day (Lpcd). 
 
Allocation Amount 
Minimum ‘survival’ amount for individual : 
7 Lpcd 
Drinking: 3-4 Lpcd 
Food Preparation, cleanup: 2-3 Lpcd 
Medium term amount for individual: 15-20 
Lpcd 
Drinking: 3-4 Lpcd 
Food Preparation, cleanup: 2-3 Lpcd 
Personal Hygiene: 6-7 Lpcd 
Laundry: 4-6 Lpcd 
Livestock: Cattle, horses, mules 20-30 liters per head 
Livestock: Goats, sheep, pigs 10-20 liters per head 
Livestock: Chickens 10-20 liters per head 
Agriculture: Vegetable gardens 3-6 liters per square meter 
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 WHO (2005) sub-divided the recommended individual needs into survival 
allocation and medium-term allocation to meet different situational demands (see Table 
2.1). These allocations consider the needs of a lactating woman engaged in moderate 
physical activity in a tropical environment as a minimum standard (see report by Howard 
and Bartram 2003 associated with WHO 2005 for more information). Survival allocation 
is 5-7 liters per person (capita) per day (Lpcd), which provides enough water for 
drinking, food preparation, and clean-up. It was calculated that a lactating woman needs 5 
liters of water a day. Therefore, the 7 Lpcd assures that individuals in a community are 
well hydrated. However, WHO cautions that this amount is only sustainable for a few 
days. The next category is medium-term allocation, which allows 15-20 Lpcd and is 
sustainable for a few months. This allocation provides the 5-7 Lpcd for drinking and 
cooking as well as 6-7 Lpcd for personal hygiene and 4-6 Lpcd for laundry.  
 Aside from personal water needs, WHO has other recommendations that 
archaeologists could use to study water management. For example, the allocation for 
vegetable gardens (3-6 liters of water per square meter) can be used to calculate pot 
irrigation. Another recommendation that WHO makes is for water distribution points. At 
least one water point should be available for 250 people with a maximum distance to this 
point from the shelter of 500 meters. However, these standards are just guidelines since 
allocation will vary according to cultural practices and climate (WHO 2005).  
 The sustainability of these allocation amounts correlates to the water needs met 
within a community. For example, a community with only enough water for survival 
cannot keep clean or grow food, which leads to disease and malnutrition. This definition 
of sustainability is based on psychologist Abraham Maslow’s hierarchy of needs (WHO 
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2005). Maslow believed that “human beings have an innate tendency to move toward 
higher levels of health, creativity, and self-fulfillment” (Maslow 1987:xxxv). Maslow 
identified a hierarchy of five basic needs, arguing that once one is satisfied, then a person 
can move on to achieve the next basic need (Maslow 1987). The first need is 
physiological consisting of hunger, thirst, shelter, sex, etc. The second need is safety, 
which includes protection from physical and emotional harm. The third is love or social 
needs consisting of affection, belonging, acceptance, friendship, etc. The fourth is esteem 
or ego described as both internal esteem, such as self-respect and self-achievement, as 
well as external esteem like recognition and status. Finally, there is self-actualization, 
which Maslow explains as “what humans can be, they must be” (Maslow 1987:22). 
Maslow believed that human beings are able to strive to meet their full potential once the 
other needs are met. Maslow’s theory is not new. Almost a century earlier, Marx had 
identified the concept of basic human needs but associated them with labor and 
capitalism (Elster 1985), while Maslow associated human needs with personal 
improvement. I would also suggest that Maslow made his concept clear and accessible, 
which might be why Maslow’s theory is used today not only in psychology and public 
health but also in the interpretation of both cultural and environmental sites (see National 
Association for Interpretation).  
 WHO converted Maslow’s hierarchy of needs to reflect the needs related to water 
requirements (Figure 2.2, WHO 2005:2). The basic need is water for drinking and 
cooking, but this is only a short-term solution. Based on WHO, to achieve a sustainable, 
long-lasting solution to water requirements, there has to be enough water to meet basic 
needs plus allow improvements to the quality of life. In terms of water, sustainability  
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Figure 2.2. Hierarchy of water requirements inspired by Maslow's hierarchy of needs. 
Medium term allocations in this figure include domestic agriculture and sanitation, which 
are not included in the calculations for personal water needs. Also, note that with an 
increase of available water there is a decrease in water quality (red box) (modified from 
WHO 2005). 
 
 
would be the equivalent of self-actualization. Examples for this liquid self-actualization 
are gardens and even crop production since they require a surplus of water that would not 
interfere with the basic needs. Yet, Figure 2.2 shows that with an increase in water 
quantity, there is a decrease in water quality. 
 Maslow’s hierarchy of needs adds a psychological dimension to the political 
economy of water management. I argue that to have a sustainable system, the elite had to 
provide the population with enough water for more than a medium-term allocation. Such 
provisions would have aided with attaining and keeping control over the population. In 
addition, a surplus of water could be used for goods production, agriculture, and 
construction. Using the WHO standards for water requirements, I calculate the capacity 
of people that could be maintained by the water holding features at select Maya Lowland 
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sites to understand the level of control and sustainability their water management 
achieved.  
 
Case Studies 
I selected four lowland Maya archaeological sites to demonstrate the diversity of 
water management and how that is influenced by environmental conditions. The sites 
vary in size, type of control, and environmental setting. Information concerning the 
volume of water collected at each site was used to calculate sustaining capacity of the 
water catchment system for the duration of the approximate annual four-month dry 
season (~120 days). Thus, sustaining capacity can be expressed by the following 
equation: 
P = V / Lpcd / 120 
where P represents the population that can be sustained during the annual drought, V 
represents the volume of water that the catchment can hold, Lpcd represents the 
allocation amount, and 120 represents the approximate amount of days of a seasonal 
drought. The sustaining capacities of survival and medium-term allocations (Lpcd) were 
calculated for these sites to compare against the sustaining capacity of water-holding 
features at Palmarejo (to be introduced in Chapter 3). Since the environmental settings of 
the sites vary, I assume that the reservoirs are full at the beginning of the drought period 
without a drop lost due to evaporation, because accounting for climatic variability goes 
beyond the scope of this work. Therefore, evaporation loss and rain estimates were not 
calculated. 
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Tikal 
 Located in Guatemala, Tikal was occupied from the Middle Preclassic to the Late 
Classic. Tikal is considered a water-poor site since it is located away from natural water 
sources in the middle of the Petén. Yet, this large archaeological site is the model for 
centralized water management because of its convex design (Scarborough 1996). Elite 
structures are adjacent to large reservoirs that are located at a higher elevation than the 
rest of the population. The residents depended on stored rainfall during the dry season, so 
they excavated reservoirs or utilized quarries as part of their water catchment system 
(Scarborough 1993). This water catchment system had to collect enough for an estimated 
population of at least 60,000 people with an additional 30,000 people in rural populations 
during the Late Classic (Culbert et al. 1990).  
 At this site, three general catchment areas have been identified: the central 
precinct reservoirs, the residential reservoirs and the bajo-margin. The central precinct 
reservoirs were constructed near the elite. “In most cases, the location of the elevated 
tanks was in immediate proximity and below the most grand construction projects at a 
site” (Scarborough 1998:139). These reservoirs alone collected 900,000 m3 of water 
(Scarborough and Gallopin 1991:143). A weir or sluice gate may have been used to 
supply water to the residential catchments, which were located at a lower elevation 
(Figures 2.2 and 2.3). The residential reservoirs collected 100,000 – 250,000 m3 of water 
before flowing to the bajo-margin reservoirs, which collected 50,000 – 175,000 m3 of 
water. 
 These large volumes of water translate to an abundance of water available to the 
population. Table 2.2 shows the volume of water for each reservoir, which has been 
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Figure 2.3. Convex system of water management found at Tikal (modified from 
Scarborough 2003). 
Figure 2.4. Isometric map of Tikal shows the extent of water management (modified 
from Scarborough 2003). 
 
 
converted from cubic meter to liters. Using the sustaining capacity equation, two forms of 
sustaining capacities were calculated: survival and medium-term allocations. According 
to the calculations for a survival ration of 7 Lpcd, Tikal was able to sustain almost 2 
million people during a 120-day drought. Even with a generous allocation of water of 20 
Lpcd of water, Tikal was able to sustain over half a million people during the dry season. 
The Central Precinct Reservoirs alone held enough water for the entire estimated  
Central Precinct 
Elite 
Residences 
Elite 
Residences 
Residences 
23 
 
Table 2.2. Calculated amount of people that can be sustained with the volume of water 
collected at the reservoirs in Tikal, which has an estimated population of 60,000 people. 
Volume from Scarborough and Gallopin 1991. 
 
Reservoir Group Volume (L) Population on Survival 
Rations (7 Lpcd)* 
Population on Medium 
Rations (15-20 Lpcd)* 
Central Precinct 
Reservoirs 
900,000,000 
 
1,071,429 500,000 – 375,000 
Residential 
Reservoirs (min.) 
100,000,000 119,048 55,556 -41,667 
Residential 
Reservoirs (max) 
250,000,000 297,619 138,889 - 104,167 
Bajo-margin 
reservoirs (min.) 
50,000,000 59,524 27,778 - 20,833 
Bajo-margin 
Reservoirs (max) 
175,000,000 208,333 97,222 - 72,917 
Total 
 
1,475,000,000 1,755,953 819,445 – 614,584 
 * Allocations based on WHO (2005) and calculated for a 120-day seasonal dry period, (P = V / Lpcd / 120). 
 
population plus had a surplus to provide for rural populations and other needs. Based on 
Maslow’s hierarchy of needs, Tikal was able to sustainably provide for its population. 
 
Kinal 
 Kinal is also located in the Petén. The site is one-fifth the size of Tikal and was 
occupied from the Late Preclassic to the Late Classic (Scarborough et al. 1994). Just like 
Tikal, Kinal had to provide water to its residents in a relatively water-poor environment. 
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Therefore, a convex system was constructed with several rain catchments in close 
proximity but not adjacent to the monumental central precinct, a contrasting design to 
Tikal (Scarborough et al. 1994). According to Scarborough (1996), the evidence found at 
Kinal suggests a less centralized system of water management possibly due to the smaller 
size of the site. But there is limited information about Kinal, its water management, and 
population. Scarborough et al. (1994) only explored the Kinal Reservoir and documented 
three other sizable reservoirs. Information on Kinal’s water management is limited to 
information on the Kinal Reservoir (Vernon Scarborough, personal communication 
2010). 
 Investigations into Kinal’s water management are not as extensive as those of 
Tikal. For example, population estimates have not been conducted at Kinal. However, if 
Kinal is one-fifth the size of Tikal, which had a population of 60,000, then for the sake of 
this research I estimate Kinal’s population at 12,000 (60,000/5). Another gap of 
information is the extent of its water catchment system since only a portion of the site 
was excavated. The Kinal Reservoir collected 1,000 m3 of water (Scarborough et al. 
1994). If this amount is multiplied by four to include the other documented reservoirs, 
then the total amount of water from these reservoirs could sustain less than 5,000 people 
on survival rations, which is a third of Kinal’s estimated population (Table 2.3). 
Scarborough et al. (1994) identified a couple of chultunes, which were excavated at Kinal 
but they lacked a plaster-lining suggesting that these features were not used to hold water. 
Scarborough et al. (1994:104) concluded that Kinal’s water management “demonstrates a 
less centralized water-control system than identified at Tikal.” 
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Table 2.2. Calculated amount of people that can be sustained with the volume of water 
collected at the reservoirs in Kinal, which has an estimated population of 12,000. Volume 
from Scarborough et al 1994. 
 
Reservoir Group Volume (L) Population on Survival 
Rations (7 Lpcd)* 
Population on Medium 
Rations (15-20 Lpcd)* 
Kinal Reservoir 
 
1,000,000 1,190 556 –  417 
Total - includes all 
four reservoirs 
4,000,000 4,760 2,224 – 1,668 
* Allocations based on WHO (2005) and calculated for a 120-day seasonal dry period, (P = V / Lpcd / 120). 
 
 With a lack of archaeological investigations at this site, it is hard to interpret 
water management at Kinal. Other means of water collection may have been utilized at 
this site, such as small quarries, chultunes or aguadas to provide water for the rest of the  
population, or other reservoirs may be waiting to be discovered. Yet, according to 
Scarborough et al.’s (1994) theories and excavations conducted to date, the decentralized 
design suggests that the elite at Kinal were not as involved in providing water to the 
general population. Rather, individuals or communities may have been in charge of 
procuring water for themselves. Yet despite its size and decentralized water management, 
Kinal possessed the same level of urban complexity and growth as Tikal (Adams 1987; 
Scarborough et al. 1994), which brings to question how much water management 
influences state formation. 
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Copán 
 Copán lies adjacent to the Copán River in western Honduras. The river flows 
year-round and is a source of water for the population during the dry months. However, 
evidence suggests that extensive water management was used not only for erosion 
control, but possibly to provide water when the river is muddied with silt (Davis-Salazar 
2001; Fash and Davis-Salazar 2006). Copán was occupied continuously from the Early 
Preclassic to the Early Postclassic (Fash 2001). Nestled in the small Copán Valley, the 
site developed a concave water management system (Davis-Salazar 2001). However, 
rather than having one large centralized reservoir, the people of Copán constructed or 
altered lagoons that were in close proximity to elite groups in order to collect water.  
 Closer examination by Davis-Salazar (2001, 2003) revealed that the lagoons may 
have been maintained by local communities suggesting a decentralized form of water 
management at Copán. One piece of evidence of community-based water management 
came from the settlement patterns of the residential structures. Each lagoon was 
surrounded by elite residential groups. In most cases, elite structures adorned with water 
imagery were located to the east of the lagoon. In this example, water imagery was not 
limited to royal elites, but also included the lesser or non-royal elites. Also, possible 
evidence of communal feasting was recovered along the edge of the lagoon. Such 
feasting events in connection to water management have been observed among the 
contemporary Maya of Zinacantan in highland Chiapas, Mexico (Vogt 1969), and the 
Lenca of southwest Honduras (Chapman 1985). Feasting would create a sense of 
community and bring people together for the task of maintaining the lagoons, and the 
non-royal elite may have served as organizers for such events (Davis-Salazar 2003). 
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 In a water-rich environment, it is hard to judge how much water a polity should 
collect to sustain its population. But to compare with the water-poor sites, the same 
calculations were used. Volume of water was calculated from the measurements recorded 
by Davis-Salazar (2001). El Bosque lagoon measured at 38 m x 66 m x 2.2 m deep, 
which equals 5,518 m3 water-holding capacity. The Sepulturas lagoon measured 23 m x 
63 m x 1.3 m deep, which equals 1,884 m3 water-holding capacity. These volumes were 
translated into sustaining capacity to establish if enough water was collected for Copán’s 
population, which is estimated at 20,000 – 25,000 during the Late Classic (Webster and 
Freter 1990). Two other lagoons, approximately the same size as the two discussed 
previously, were also documented and their water volumes were included in the 
calculations. As a result, the lagoons just fall short of sustaining Copán’s population with 
survival rations independent of river water sources (Table 2.4).  
 
Table 2.3. Calculated amount of people that can be sustained with the volume of water 
collected at the lagoons in Copán, which has an estimated population of 20,000 – 25,000. 
Volume calculated from Davis-Salazar 2001. 
 
Reservoir Group Volume (L) Population on Survival 
Rations (7 Lpcd)* 
Population on Medium 
Ration (15-20 Lpcd)* 
El Bosque lagoon 5,518,000 
 
6,569 3,066 – 2,299 
Las Sepulturas 
lagoon 
1,884,000 2,243 1,047 -  785 
Total x 2  to include 
two other lagoons 
14,804,000 17,624 8,226 – 6,168 
* Allocations based on WHO (2005) and calculated for a 120-day seasonal dry period, (P = V / Lpcd / 120). 
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 The lagoons were not connected to canals to provide water for other residents of 
Copán, so a select residence’s access to clean water may have other implications, which 
was suggested by Davis-Salazar (2001, 2003). Lesser elites may have been viewed as 
community leaders for their ability to manage water for local residents. This power was 
displayed using water-related imagery and rituals since elites expressed their water 
management authority by adopting water symbolism in their architecture, epigraphy, and 
religion (Fash and Davis-Salazar 2006). This expression might also reflect a society that 
has such an abundance of water that it has achieved the upper tiers of the Maslow-derived 
hierarchy of water requirements (Figure 2.2). Also note in Figure 2.2 that with an 
increase in quantity there is a decrease in quality. Davis-Salazar (2003:294) refers to 
studies that indicate a higher rate of disease among the urban population (Padgett 1996; 
Whittington 1989), making clean water a valuable commodity in a water-rich 
environment. This condition could suggest another level of complexity to the control over 
community-based water management. 
 
Chawak But’o’ob 
 I have discussed the water management of large urban Maya sites, so to 
supplement the comparison I added an agrarian site. Chawak But’o’ob is a Late Classic 
site located on the Rio Bravo Escarpment in northern Belize (Walling et al. 2005; 
Walling et al. 2006; Walling et al. 2007). This “suburban” site extends half a square 
kilometer and had a population of more than 1,000 commoners. It is classified as a 
suburban site because of the presence of a ballcourt, possible evidence of ceremonialism, 
and the presence of site-wide water management. However, the site lacked a central 
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precinct. Chawak But’o’ob sits on an escarpment; the site slopes towards waterways 
making this a concave system located in a water-rich environment. Chawak But’o’ob has 
perennial fresh water springs and a waterway at the lower elevations of the site with 
residential groups nearby. The water catchment system consists of human-made water 
basins, which may be similar to reservoirs, located at high elevations but away from 
residential groups. These basins are connected with a series of dams, canals, reservoirs, 
and drainage ditches. With a lack of stratification and a central precinct, it is difficult to 
categorize Chawak But’o’b’s water management. Based on Walling et al.’s (2005, 2006) 
interpretation of the site, Chawak But’o’ob may have managed different aspects of their 
lives, from rituals to water management, like a network of community groups, which may 
suggest a decentralized concave water catchment system.  
 Only information of the water basins is available to calculate water allocation. 
Walling et al. (2005) estimated that Basins 1-6 could hold a combined total of 
approximately 520 m3 of water. There are four other basins mentioned in the report but 
the only other volume estimates given were of Basin 10. This basin is the largest in 
Chawak But’o’ob, capable of holding approximately 1,000 m3 of water. The calculations 
in Table 2.5 show that these seven basins alone were able to sustain the majority of the 
population at Chawak But’o’ob. Walling et al. (2005, 2006) concluded that water was 
extremely important to the residents. However, why water is important at this site is 
difficult to explain due to a lack of water-related imagery. Investigations into water 
management at Chawak But’o’ob’s are ongoing. 
 
 
30 
 
Table 2.4. Calculated amount of people that can be sustained with the volume of water 
collected at the basins in Chawak But’o’ob, which has an estimated population of 1,000 
people. Volume from Walling et al. 2005. 
 
Reservoir Group Volume (L) Population on Survival 
Rations (7 Lpcd)* 
Population on Medium 
Rations (15-20 Lpcd)* 
Basin 1 – 6 520,000 
 
619 289 – 217 
Basin 10  1,000,000 
 
1190 556 – 417 
Total 
 
1,520,000 1,809 845 - 634 
* Allocations based on WHO (2005) and calculated for a 120-day seasonal dry period, (P = V / Lpcd / 120). 
 
Summary 
 Water in the Maya Lowlands is a scarce commodity during seasonal dry periods, 
which may have led to elite-controlled water management. Based on the literature, I 
identified four elements that can be used to suggest the form of control over water 
management. Using four case studies, I demonstrated how most of these elements are 
manifested at the four different sites in a variety of ways (Table 2.6). 
 Tikal and Kinal, which are sites in water-poor locations, used different techniques 
in their water management. Tikal is the model for centralized, convex water management 
while Kinal has a decentralized system. Tikal was a polity with a large population and an, 
overabundance of water, while Kinal was only a fifth the size of Tikal and did not collect 
enough water to sustain its estimated population. To contrast these sites, two sites in 
water-rich locations were chosen for this study: Copán and Chawak But’o’ob. Both of 
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these sites had decentralized water management. The small agrarian site Chawak 
But’o’ob had an abundance of water for its small population when compared to its larger 
counterpart. Yet, Copán may have been able to sustain the majority of its population with 
lagoons scattered throughout the polity. Regardless of Scarborough’s (2003) suggestions 
for a shift to centralized convex water management during the Late Classic, these case 
studies suggest that decentralized water management may have been more common. So 
although these sites use similar water management techniques, they each adapted them 
according to their environment, local traditions, and power relations. To study water 
management at Palmarejo, I investigated similar attributes at Palmarejo to compare 
against the above case studies. 
 
Table 2.5. Summary of water management at each site. 
 
Site Natural 
Water  
Availability 
Centralized/ 
Decentralized 
Convex/ 
Concave 
Population Sustaining 
Capacity 
(7 Lpcd) 
Sustaining 
Capacity 
(15 Lpcd) 
Tikal Arid; water-
poor 
Centralized Convex 60,000 1,755,953 819,445 
Kinal Arid; water-
poor 
Decentralized Convex 12,000 4,760 2,224 
Copán 
 
Water-rich Decentralized Concave 22,500 17,624 8,226 
Chawak 
But’o’ob 
Water-rich Decentralized Concave 1,000 1,809 845 
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Chapter 3  
Previous Archaeological and Ethnographic Research 
in Northwest Honduras 
 
 Archaeological investigations in the Palmarejo Valley in northwest Honduras are 
fairly recent. In this chapter, I introduce the archaeological site of Palmarejo that is within 
the Palmarejo Valley and summarize previous archaeological investigations conducted in 
the valley. From the very beginning, Palmarejo has shown a spatial correlation between 
site location and water resources. These investigations were supplemented with regional 
ethnographic research to understand a regional perspective on water. From these sources, 
I explain my expectations for this research.  
 
Archaeological Investigations Prior to 2004 
 To the west of the Palmarejo Valley lies the much larger Naco Valley (Figure 
3.1). Strong et al. (1938) first documented archaeological sites in the Naco Valley. 
However, the most extensive investigations began in the 1970s by the Naco Valley 
Archaeological Project (NVAP). The NVAP has conducted archaeological investigations 
throughout this 96 km2 valley, which extends to the valley of Palmarejo (Henderson et al. 
1979; Schortman and Urban 1992; Schortman et al. 1991; Urban et al. 1988). The NVAP 
were the first to document 66 structures at Palmarejo that date to the Late Classic and 
they also conducted several shovel tests (see site 338 in Urban et al. 1988). The focus of  
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Figure 3.1. Location of Palmarejo Valley (red box) in reference to the Naco Valley and 
San Pedro Sula (modified Google map image, acquired June 2011). 
 
 
the NVAP was to understand the political economy of the Naco Valley with the site of La 
Sierra as its center (Schortman et al. 1991). Palmarejo was at the periphery of the valley, 
lying 6 km east of La Sierra. 
 As part of their investigations, the NVAP considered how environmental 
variables may have affected Naco Valley’s political economy. One consideration was 
annual rainfall. The Naco Valley lies within a rainshadow, therefore it receives less rain 
than other areas in Honduras, approximately 1,300 mm of rainfall annually (Andrade 
1990; Schortman et al. 1991). Also, the dry season spans from mid-November to late 
May (Anderson in Schortman and Urban 1992), which is much greater than the average 
four-month dry season in the Maya Lowlands. 
Naco Valley 
Palmarejo 
Valley 
San Pedro 
Sula 
North 
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 The NVAP questioned valley farmers about the effects of precipitation conditions 
on their crops. “Valley farmers report that small fluctuations in rainfall amounts and 
timing can seriously reduce crop fertility on even the best soils” (Schortman et al. 
1991:70). The NVAP questioned if the valley suffered through environmental stresses in 
the past thereby affecting polities in the valley, when considered along with Messenger’s 
(1990) study that suggests evidence of a slight decline in precipitation in Honduras near 
the end of the Classic period. Schortman et al. (1991:70) suggests that one effect is a shift 
in settlement to the few remaining perennial streams during the Late Classic. However, 
these questions have yet to be fully tested in the Naco Valley (Schortman and Urban 
1992). 
 
Archaeological Investigations: 2004-2007 Field Seasons 
 Starting in 2004, the Proyecto Arqueológico Comunidad Palmarejo (PACP) 
began extensive archaeological investigations in the Palmarejo Valley under the direction 
of E. Christian Wells, Karla L. Davis-Salazar, and José E. Moreno Cortés. (Davis-Salazar 
et al. 2007; Davis-Salazar et al. 2005; Wells et al. 2004; Wells et al. 2006). As mentioned 
above, very little was known about this particular valley prior to this investigation. It was 
first hypothesized that the Palmarejo Valley provided agricultural and other goods to 
sustain La Sierra. Therefore, “the goal of the PACP was to conduct investigations to 
understand the scale and intensity of exchange over time between the elites and non-elites 
of La Sierra as well as among sites within the Palmarejo Valley” (translated from Davis-
Salazar et al. 2005:1; Wells et al. 2004:1). 
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 In 2004, PACP began with a pedestrian and mapping survey of the valley to 
document visible sites and classify them into categories similar to ones set by the NVAP 
(Wells et al. 2004). Soil samples were also collected from each site to test the fertility of 
the soils (Verdaasdonk 2006). The pedestrian survey resulted in the identification of 96 
prehispanic settlements that were categorized into five classes (Figure 3.2; Wells et al. 
2004). Based on the artifacts on the surface, most of the sites can be dated to the Late 
Classic (A.D. 600-900). The largest site, Class I, is Palmarejo, which has 93 structures, a 
difference from the original 66 structures recorded by the NVAP. Of those structures, “28 
are considered monumental (1.5 m or taller in height), mainly composing [of] the civic-
ceremonial center and adjacent elite residential compounds near the center of the site” 
(Hawken 2007:37). Palmarejo also has two or three formal plazas, a possible ball court, 
and possible evidence of water management (Figure 3.3; Wells et al. 2004), as well as the 
most fertile lands (Verdaasdonk 2006). 
 The next category, Class II, consists of sites that are smaller than Palmarejo with 
less monumental structures. The Class II sites are Pacayal, Palos Blancos, El Morro, and 
Suyapa, which along with Palmarejo are considered “community capitals” since they are 
some distance from one another and have a concentration of Class IV and V sites around 
them (Hawken 2007). Similar in size to the Class II sites, Class III sites are comprised of 
only large residential structures forming a central plaza. Class IV sites, the most common, 
are composed of agrarian residential compounds of three to six structures around a small 
central patio. Finally, Class V sites are the field houses that consist of lone mounds or 
artifact scatters. 
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Figure 3.2. The archaeological sites and their classification in the Palmarejo Valley 
(modified from Wells et al. 2004:9). 
 Class 1 
Class 2 
Class 3 
Class 4 
Class 5 
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Figure 3.3. The archaeological site of Palmarejo (modified from Wells et al. 2004). 
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 The largest site, Palmarejo, was also mapped with a Trimble 5600 Total Station 
with 1 cm precision. The purpose of mapping the site with such precision was to 
understand the changes in elevation and the spatial distribution of structures of the largest  
site in the valley (Wells et al. 2004). I examined the data and noticed that the distribution 
of points varied according to the features. Points were collected from mounds in an x-
shape starting from the base of one side of the feature and moving up the mound to the 
opposite base. Points from plaza floors and other open spaces were collected in 
abundance but not always systematically (i.e., 20 m grid) (Figure 3.4). Overall, 6,755 
topographic points were collected throughout Palmarejo covering .23 km2 of the site. 
These points were used to create a three-dimensional image of Palmarejo using Surfer 
software (Figure 3.5; Wells et al. 2004). The points were used in this research and are 
discussed further in Chapter 4. 
 The size and spatial distribution of the community capitals suggested that these 
chiefdoms may have existed independently of La Sierra (Wells et al. 2004). One piece of 
evidence to support this hypothesis was the location of community capitals (Hawken 
2007; Wells et al. 2004). Capitals were “located at the longest of the eastern hills of the 
valley, each one at the head of one major, independent quebrada.  This pattern suggests 
that the location of water sources is a determining factor for the location of settlements, 
as well as for administrative control of the local agricultural fields running below these 
sites; control obtained by managing the major water sources” (Wells et al. 2004:9). 
Palmarejo possibly acted as the valley’s “core” since it is the only site with a civic-
ceremonial center and ballcourt (Hawken 2007; Wells et al. 2004).  
 
39 
 
Figure 3.4. Image of the Trimble total station topographic points collected during the 
2004 field season. Linear gaps of points are the locations of roads, which were not 
mapped. 
 
 
Figure 3.5. Three-dimensional computer generated representation of Palmarejo (adapted 
from Wells et al. 2004:6). 
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  Novotny (2007) provided further evidence of Palmarejo’s independence and 
regional affiliations. She concluded that Palmarejo followed southeastern Mesoamerican 
patterns of site development, architecture, and ceramics yet modified the styles to make 
them their own. Novotny (2007) argues that Palmarejo elites used these strategies to 
affiliate themselves with regional elite populations. 
 In addition to archaeological investigations, interviews were conducted 
throughout the Palmarejo Valley at contemporary settlements located in close proximity 
to quebradas (Karla L. Davis-Salazar, personal communication 2007). These locations 
gave residents the opportunity to manipulate the flow of water from the quebradas. The 
interviews provided insight into contemporary water issues, such as access to clean water 
(Bahamondes and Davis-Salazar 2007), which, as suggested earlier, may have occurred 
in this area in the past (Hawken 2007; Wells et al. 2004). To test the idea that 
communities formed around quebradas, Klinger (2008) used GIS to study the settlement 
distribution over time along several quebradas in the Palmarejo Valley. His conclusions 
support a connection between agricultural productivity and water accessibility as a factor 
influencing settlement location and distribution in both the past and present (Klinger 
2008; Verdaasdonk 2006; Verdaasdonk and Wells 2006).  
 At Palmarejo, water accessibility may have been supplemented by a water-
holding feature. In 2006, Kuehn (2007) collected soil samples from a depression located 
within the site of Palmarejo to observe evidence of water-saturated soils. Field 
observations identified Bg horizons, which are indicative of waterlogged soils, from 
probes taken in the depression. Soil samples were further analyzed by Lincoln (2007) for 
characteristics consistent with hydric (waterlogged) soils. He expected hydric soils to 
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demonstrate gleyed colors, higher clay, higher phosphorus (P), and lower pH with depth 
of soil. Based on these attributes, he concluded that the depression was a “bajo” (seasonal 
swamp) that may have been used in water management by the elite. However, his work 
was only preliminary since the sample amount was small and it did not consider spatial 
context of the samples (e.g., topography) or the full functionality of the feature.  
 To understand the function of the depression at Palmarejo, I investigated wetland 
terms used by archaeologists in Mesoamerica (bajo, akalche, and aguada in Figure 3.6; 
Darley 2008) and compared them against categories (swamps, marshes, fens, and bogs; 
Figure 3.7) established by the U.S. Environmental Protection Agency (USDA Natural 
Resources Conservation Service 2007). For example, the use of the term bajo in the 
literature tends to describe large seasonal swamps typically found in the interior 
continent. Unfortunately, it also acts as a catch-all for any depression. The problem with 
this issue in semantics is that each wetland feature has a range of both physical and 
chemical attributes that distinguishes one wetland body from another. In addition, each 
wetland environment contributes specific natural resources and has varying water quality 
and quantity. People may have taken advantage of these contributions and their 
perception of these resources might be seen in their material culture. 
 Therefore, the ability to distinguish between wetland features can add to our 
understanding of ancient water management. For example, today wetlands are 
constructed to mimic marsh-like conditions in order to filter storm water runoff before it 
is discharged to larger bodies of water (Wolverton and Wolverton 2001). The water is 
filtered with the help of marsh-like vegetation, which “take up” large amounts of 
nutrients. For the ancient Maya, I suggest that maintaining vegetation along 
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Figure 3.6. Figure of wetlands investigated in various lowland Maya archaeological sites 
(adapted from Darley 2008). 
Location
Calakmul, 
Campeche, Mexico
Tamarindito, El Peten, 
Guatemala Pulltrouser Swamp, Belize
Reference Gunn et al. 2002 Beach and Dunning 1997
Turner and Harrison 1983 
(Soils by Janice Darch)
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Figure 3.7. Figure of wetland terms and their characteristics based on U.S. Environmental 
Protection Agency standards for wetlands (adapted from Darley 2008). 
 
 
water-holding depressions for filtration may have been part of their water management 
and may explain some water-related imagery (Darley 2008). For example, this form of 
vegetation management may have allowed bajos to provide large amounts of water for 
inhabitants if the vegetation improved water quality. This could explain the use of water 
lilies as a symbol of clean water (Fash and Davis-Salazar 2006). Yet another symbol 
associated with elites and possibly water management is the reed mat (Fash and Davis-
Salazar 2006). Reeds grow in marsh environments. So both symbols could reflect the 
type of wetland conditions that were present. 
 The comparison of EPA categories against archaeological wetland types shows a 
lack of consistency in the use of terms (Darley 2008). Not all water-holding features were 
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analyzed by archaeologists in the same way leaving gaps in our knowledge of ancient 
wetlands (see Figure 3.6). For example, bajos and constructed reservoirs were generally 
the focus of study leaving features described as aguadas to be defined subjectively as 
either natural sinkholes or human-made borrow pits with little soil or botanical analysis 
to support the categorization. Without the same level of examination for these features, it 
is difficult to discover their full function in the landscape. For this study, I use Dunning’s 
(personal communication 2008) definition of an aguada, which is an isolated depression-
like feature that is between 20 to 100 meters in diameter, and I expect that the feature will 
have soil characteristics of both a marsh and a fen since water levels may fluctuate 
throughout the year. 
 
Ethnographies of Honduras 
 Ethnographic research provide another level of understanding to water 
management practices. In the 1960s through 1980s, Anne Chapman (1985) conducted an 
ethnographic study of the Lenca living in southwest Honduras, just south of Palmarejo 
Valley. As part of her study, she documented rituals and myths revolving around water, 
which provides us with an indigenous perspective on this commodity. For example, in the 
compostura de lavandería (roughly translated as a religious festivity of payment of the 
laundry) the women from two towns come together to offer a bottle of water collected 
from a nearby waterfall, spring, or lagoon to each town’s patron saint (Chapman 
1985:155). The belief is that the water is alive and has powers over humankind. 
Therefore, one has to pay respects for the use of the water in order to prevent affliction of 
an illness. 
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 Chapman (1985:155-171) mentions several rituals that also revolve around water 
but they all seem to have a common theme. Essentially, any activity (e.g., laundry, 
fishing, etc.) that involves a body of water, such as a spring or lagoon, requires a 
compostura, or payment, to prevent misfortunes. In some myths, a water sprite, or spirit, 
that lives in the body of water causes women to lose their unborn children after fishing in 
its waters because it has not received payment. Water sprites are sometimes described as 
a bull that emerges from the middle of the lagoon awaiting payment. Aside from 
composturas, payment can also be made as an offering of tamatina, or incense. One 
recipe for tamatina includes chili peppers, ground cattle horns, and mustard, and there are 
several variations of this recipe. The tamatina can also be replaced by conjuring up the 
sprite. For example, a live fox is drowned in the waters; the putrefying animal dirties the 
water thereby conjuring up the sprite to clean them once again (Chapman 1985:157). 
Chapman (1985:158) explains that the benefit of appeasing the living waters comes in the 
form of good cattle and horse breeding stock. 
 Chapman’s ethnographic research aid in understanding how past people may have 
viewed water. It is hard to know when these myths began and how they have changed 
over time, or even if the Lenca of the 20th century have any relation to the people that 
lived in Palmarejo over 1,000 years ago. Chapman’s ethnographies have been used to 
understand environmental worldviews and ritual economy at Palmarejo (Wells and 
Davis-Salazar 2008), as well as feasting and water management at other sites in western 
Honduras (Wells and Davis-Salazar 2004). For example, Davis-Salazar (2001) recovered 
materials, such as incensarios, at Copán that she interpreted as possible evidence of 
water-related rituals based on ethnographies by both Chapman (1985) and Vogt (1969).  
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Expectations 
 Based on the previous studies in both ancient and modern water management 
described in Chapter 2 (Davis-Salazar 2003; Kunen 2006; Scarborough 2003; Walling et 
al. 2006; WHO 2005) and the archaeological and ethnographic studies conducted in 
northwest and southwest Honduras described in this chapter, specific materials and 
landscape modifications can be used to assess if Palmarejo exercised water management 
and to infer the type of water management. If Palmarejo had water management, then I 
expect it to have the four basic elements: the presence of a water catchment system, the 
patterns in the spatial relationships between structures and the water catchment system, 
imagery that may reflect the role water plays in a culture, and the sustaining capacity of 
the water catchment system.  
 First, the presence of a water catchment system has to be established in order to 
begin studying water management at Palmarejo. As demonstrated in the case studies 
presented in Chapter 2, water catchment systems have four components: a catchment, 
grading, swales and/or canals, and weirs. If Palmarejo had evidence of the four 
components, then a water catchment system may be present. In addition, the presence and 
connectivity of these features may reflect the control over engineering and construction 
of these features. 
 For example, the presence of a water catchment system and how far that system 
extends over a polity has implications for who controls water. As seen in Tikal, the flow 
of a water catchment system began at the center of the polity with the elites, and then 
flowed out to the fringes of the polity where bajos were located. This water catchment 
system design suggests the presence of a strong government with the power to engineer 
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and modify the landscape for the construction of this system throughout the whole polity 
(Scarborough 2003). In contrast, Kinal and Copán have water catchment systems that are 
some distance away from the elite and water-holding features are not always connected to 
one another, which suggests a decentralized form of water management since planning is 
not being considered for the whole polity (Davis-Salazar 2001, 2003; Scarborough et al. 
1994). Therefore, if the water catchment system was engineered for the whole site with 
water-holding features connecting with one another, then this design may suggest that the 
elite of Palmarejo had strong and direct control over water management. However, if the 
water catchment system was not designed for the whole polity or is not even present, then 
the elite may have had indirect or no control over water management. 
 The spatial relationship between structures and the water catchment systems is the 
evidence used to establish who has control over water management. Based on the 
literature discussed in Chapter 2, three relationship associations were identified: elite, 
community, and household. In an elite relationship association, direct and centralized 
control over water management is inferred when elite structures are adjacent to large 
catchments. Tikal is the model for direct control (Scarborough 2003), while Kinal is an 
example of less centralized but possibly elite-influenced control since elite structures 
were in close proximity and not adjacent to reservoirs (Scarborough et al. 1994). 
Community and household relationship associations provide other alternative forms of 
water management control. In community-controlled water management, catchments are 
surrounded by a community that may have a lesser elite within the community to direct 
water management and control may be reinforced through feasting and ritual, as seen in 
Copán (Davis-Salazar 2001, 2003). In a household relationship association, elites are not 
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present so control over water resources relies on households, as demonstrated at the Far 
West Bajo (Kunen 2006). 
 Since the presence of an elite segment of the population has been demonstrated at 
Palmarejo (e.g., Novotny 2007; Wells et al. 2004), the question is whether Palmarejo had 
elite- or community-sponsored water management. In addition, there is evidence of a 
depression adjacent to elite structures. If this depression is part of a water catchment 
system, then it may suggest that Palmarejo had direct and centralized control over water 
management. 
 Water management is reinforced in a visual manner. For example, Fash and 
Davis-Salazar (2006) discussed how water-related imagery in epigraphy and architecture 
was used to reinforce authority over water management. However, I argue that the spatial 
relationship is also an extension of this imagery. For example, household shrines to the 
east of catchments, as seen in the Far West Bajo, symbolize control over water 
management. At Copán, lesser elite structures were located in most instances to the east 
of catchments. In addition, Davis-Salazar (2003) has suggested that water-related rituals 
and feasting may have taken place in community-sponsored water management so the 
paraphernalia connected to water-related ritual and feasting could represent another 
visual display of control over water management. If elite or shrines are located to the east 
of catchments and/or there is evidence of water-related ritual and feasting, then these 
items can suggest a visual demonstration of authority over water management. 
 Finally, the water catchment system has to provide enough water to sustain most 
of the population. As demonstrated with the case studies, the size of the catchment 
provides an estimated volume of water that was collected by the water catchment system. 
49 
 
The volume can then be translated into the sustaining capacity based on WHO (2005) 
standards for water requirements. Of the four case studies, Kinal stored the least amount 
of water. At a survival ration of water, Kinal’s water catchment system can hold enough 
water to provide for a third of its estimated population. In Copán, the catchments 
provided for the community and possibly had a surplus to provide for others outside of 
the community but not enough for estimated population of the whole polity. Chawak 
But’o’ob and Tikal, two contrasting sites in size and environmental setting, had an 
overabundance of water for their estimated populations. The population of Palmarejo has  
been estimated at 240 people during the Late Classic (Hawken 2007:57; Moreno-Cortés 
et al. 2008), which is much smaller than the estimated population of Chawak But’o’ob, 
that had an estimated 1,000 people. If Palmarejo had enough water to sustain at least a 
third of the population like Kinal, then this would suggest an attempt to store enough 
water for a portion of the polity, possibly a community. However, if Palmarejo stored 
enough water for less than a third of the population, then the shortage of water could have 
greater implications that have not been explored in the case studies presented. Finally, if 
Palmarejo stored an overabundance of water for its estimated population, then such 
surplus could have two possibly implications. In a water-poor environment, an abundance 
of water could suggest a strong government control over water management as seen in 
Tikal. In a water-rich environment, a surplus of water may suggest independence to 
larger monumental centers as seen in Chawak But’o’ob. The latter explanation may 
provide more insight into the relationship Palmarejo has with La Sierra in the 
neighboring valley. 
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Summary 
 Archaeological investigations in the Palmarejo Valley suggest that Palmarejo is 
the only community capital to demonstrate some signs of water management. As the 
largest site with the best agricultural land in the Palmarejo Valley (Davis-Salazar et al. 
2007; Davis-Salazar et al. 2005; Wells et al. 2004; Wells et al. 2006), Palmarejo’s rise to 
this dominant position may have been assisted through the control of water, especially 
since the area receives less rain than neighboring valleys (Andrade 1990; Schortman et al. 
1991) and has a six-month dry period (Anderson in Schortman and Urban 1992). The 
scarcity of this resource has great implications over social and political economies within 
the valley. 
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Chapter 4  
GIS-based Analyses 
 
 To investigate for the landscape features and materials that would suggest water 
management, I used three different methodological approaches that work together to 
provide more dimension to this study. I dedicate a chapter for each approach to discuss 
the method, data analysis, and results. First, I used a Geographic Information System 
(GIS) based approach to identify water catchment systems, examine their functions, and 
understand the relationship of system features to structures, which is discussed in this 
chapter. Then, I conducted archaeological excavations at possible water-holding features 
to recover artifacts associated with water management and/or ritual, which are discussed 
in Chapter 5. Finally, I collected soil samples from possible water-holding features to test 
for physical and chemical characteristics typically found in waterlogged soils, which is 
discussed in Chapter 6. 
 
GIS-based Approach 
 Landscape features that could suggest water management can be identified with a 
GIS. As summarized in Chapter 2, there are generally four parts to a water catchment 
system that is used in water management: catchment (i.e., depression), grading, swales 
and/or canals, and check dams and/or weirs. In order to identify water catchment systems, 
examine their function, and understand their relationship to structures at the site, I used 
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different forms of spatial data that were later organized and analyzed in a GIS. This 
approach is not new to the discipline (e.g., Chapman 2006; Klinger 2008), however not 
much work has been done with GIS and ancient water management. For example, 
watershed analysis tools available in GIS software could assist in identifying water-
holding features. In order to conduct a watershed analysis and other spatial analyses, I 
needed spatial data in the form of topographic points and digital elevations models 
(DEM). 
 During the 2004 to 2007 field seasons, PACP crew collected spatial data using 
two different forms of equipment, a Trimble 5600 Total Station (Wells et al. 2004) and a 
Trimble Backpack GPS Unit (Klinger 2008). The differences between the two units are 
the level of accuracy and the type of data that the equipment can collect. The total station 
was used to collect topographic points (x,y,z) with 1 cm accuracy. However, the points 
were referenced to arbitrary datums located throughout the site and not to a geographic 
coordinate system (GCS). In contrast, the Trimble Backpack GPS Unit was used to 
collect georeferenced spatial points on the datums established for the total station with 
sub-meter accuracy, which is not accurate enough for elevation analysis. Combining 
these two forms of data allowed me to georeference the topographic points so the dataset 
can be used with other data layers in a GIS.  
 During the 2004 through 2006 field seasons, Palmarejo was mapped with the 
Trimble Total Station to understand the changes in elevation and the spatial distribution 
of structures. As discussed in Chapter 3, the techniques used to collect the topographic 
points varied according to the features (Figure 3.4). Overall, 6,755 topographic points 
were collected throughout Palmarejo covering .23 km2 of the site.  
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 To georeference the points, the PACP collected the location of seven arbitrary 
datum points established for the total station using the Trimble GPS Backpack Unit in a 
GCS World Geodetic System 1984, commonly known as WGS 1984. Without the datum 
points, a topographic survey of Palmarejo could not be accurately overlain with other 
georeferenced data layers in a GIS. Therefore, the seven datum points were recorded in 
GCS WGS 1984 using the Trimble GPS Backpack Unit (Table 4.1). Normally, this form 
of data is later processed with software, such as GPS Pathfinder Office, to improve 
accuracy by triangulating the collected points with an established base station. However, 
Honduras does not presently have base stations available to perform this task (Klinger 
2008:54-55). Therefore, satellite geometry, or position dissolution of precision (PDOP), 
displayed on the data logger of the Trimble GPS Backpack Unit, was relied upon to 
verify the precision of the data.  
 Finally, I “mined” for GIS datasets that were used with the Palmarejo GIS 
datasets. Data mining refers to searching for different forms of datasets that can be used 
in a GIS. The search was done online and required looking at available GIS datasets from 
different government agency websites. Another source of datasets is GIS data companies, 
which collect data, process, and then sell the datasets to users. I did not take the latter 
route and relied on what was freely available. The result of the mining was a Global 
Digital Elevation Model (30 m resolution) derived from Advanced Space Thermal 
Emission and Reflection Radiometer (ASTER) satellite imagery. The image was clipped, 
or reduced, to only cover the Palmarejo Valley as well as the adjacent Naco Valley. 
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Table 4.1. Arbitrary datums established for the Total Station later collected with Trimble 
GPS Backpack Unit inGCS WGS 1984. 
 
 
 
Spatial Analyses 
 Spatial analyses provide an understanding between the built environment and 
natural features through the construction of models in a GIS (Gregory and Ell 2007:5). 
The spatial datasets were organized and analyzed in ArcGIS 9.3 software, which includes 
tools to conduct several forms of spatial analyses. For this research, I used the 
Georeferencing, Spatial Analyst, 3D Analyst, and Hydrologic Model tools. The 
Georeferencing tool allowed me to georeference the arbitrary total station points to the 
georeferenced points collected with the GPS backpack unit. However, only the x, y points 
are georeferenced to the datum points collected by the GPS backpack unit (Table 4.1), 
while the elevation points (z) are not adjusted in order to retain the 1 cm accuracy. This 
technique adjusted the total station points to the GCS WGS 1984, which allows me to use 
the points with other georeferenced layers. Then a Digital Elevation Model (DEM) of the 
site was created from the total station datasets utilizing the Spatial Analyst and 3D 
Analyst tools. A DEM is when the points are connected to create a three dimensional 
representation of the terrain. Finally, water-holding features and streams (quebradas) 
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were highlighted with the Hydrologic Model tool, which is used in watershed and stream 
network analyses. The following is a detailed explanation of the DEM as well as the 
Hydrologic Model tool used in the watershed analysis. 
 
Digital Elevation Model 
 Using the Spatial Analyst tool in ArcGIS 9.3, I created a vector-based DEM from 
the points collected with the total station. This type of DEM represents the terrain using a 
digital data structure known as Triangulated Irregular Network (TIN), which is a series of 
variably placed nodes connected by lines to form triangles (Lo and Young 2007). Using 
the vector-based DEM of Palmarejo, I created contour lines to display the elevation 
changes in 0.25 m intervals with 1 m intervals represented in solid lines (Figure 4.1). 
These intervals were chosen because the site is small and the elevation differences subtle.  
 The image highlights the approximate area of the depression. The elevation at the 
bottom of the depression is approximately 87 m, which is an arbitrary elevation since 
elevation was not adjusted during georeferencing. Based on the contours, the depression 
rises up 0.37 m before it overflows over a berm in the southwest portion of the 
depression. Because of the size and location of the berm, this feature could function as a 
weir. Next, the unit and probes conducted in the field (Operation 114A, 114B, and 115), 
discussed in Chapter 5, were digitized as ArcGIS layers and laid over the contour map to 
understand their location in reference to the depression. In addition, a figure of the site 
was georeferenced over the contours to understand the location of the structures in 
reference to the features. 
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Figure 4.1. Contour map of Palmarejo in 0.25 m intervals with the locations of Operation 
114A, 114B, and 115A. Solid lines represent 1m intervals. Archaeological site map from 
Davis-Salazar et al. 2007. 
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 For further spatial analysis, I transformed the vector-based DEM into a raster-
based one. Raster images display data in a pixel format similar to digital photos except 
that instead of color values, the pixels represent distances and elevation. For this study, I 
converted the DEM into a 2 m resolution raster using the 3D Analyst tool. This means 
that each pixel measures 2 m by 2 m and represents an elevation value. This resolution 
was chosen because spatial analyses of such a small area, specifically the civic-
ceremonial center and the depression, required a high resolution. 
 
Hydrologic Model 
 Traditionally, contours are enough to understand the flow of surface water. 
However, this tradition has been taken to another level with software designed to aid in 
hydrologic studies (e.g., Olivera et al. 2002; Turcotte et al. 2001). For this analysis, I was 
able to identify the surface area that contributes to a water source, also known as a 
watershed (EPA 2010), with additional tools used with the ArcGIS 9.3 software. The tool 
is called Hydrologic Modeling (HM), which uses a rasterized DEM to calculate surface 
water flow direction and flow accumulation to delineate watershed boundaries and 
identify stream networks. This tool highlights the possible flow patterns of a quebrada, 
and provides information such as if a quebrada flowed into the depression, and how large 
of a watershed contributed to the depression. In addition, the contributing surface of a 
watershed may reflect anthropogenic changes to surface grades.  
 The HM tool is normally used to analyze the watersheds of streams and rivers 
within whole valleys or large areas. However, I believe this tool can be used effectively 
in smaller areas with a higher resolution since higher resolution makes the data 
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proportional to a large-scale study in terms of number of pixels. The results would 
highlight sub-areas (smaller watersheds) that are within larger ones, which I call micro-
watersheds. Furthermore, the steps to conducting a watershed analysis are the same in 
either scale. First, a flow direction grid was created to calculate what direction water 
flows within the DEM. Flow direction was derived from the elevation values. An 8-
direction pour point method was used on the grid to calculate flow direction. The result of 
the flow direction function was then used to calculate flow accumulation. The flow 
accumulation function counts the number of pixels upstream of each pixel in the grid. 
Finally, the results of these two functions were combined to delineate watersheds and 
identify stream networks. 
 The HM tool allowed me to observe the micro-watersheds at different thresholds, 
based on flow accumulation. For example, a watershed delineated from a 100 pixel 
threshold means that the drainage outlet for a watershed is composed of an accumulation 
or connection of 100 pixels before it discharges; therefore, the greater the threshold, the 
larger the watershed. For this research, I want to identify the watersheds that would 
contribute to the depression before the depression discharges, generally to another 
watershed. After observing several thresholds, a 500 pixel threshold provided these 
results (Figures 4.2). 
 Stream networks work along a similar threshold concept. A stream is formed in 
this software when the flow accumulation reaches its threshold. For example, a stream 
threshold of 500 requires the flow accumulation to be equal to or greater than 500 pixels. 
For this study, I conducted the Stream Network function in the HM tool at a 300 pixel 
threshold rather than a 500 pixel threshold. This value was chosen to best display  
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Figure 4.2. Watershed analysis at a 500 pixel threshold. Stream Network displayed at a 
300 pixel threshold. The approximate depression boundaries based on contours is 
highlighted in red. 
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relationships between features and potential streams. A higher threshold (i.e., 500 pixels) 
did not display enough streams, while a lower threshold (i.e., 100 pixels) created too 
many potential streams, both making it difficult to observe patterns (see Figures 4.2 and 
4.3). 
 To test whether Palmarejo had access to natural water resources in the valley, the 
same hydrologic model was applied to dataset of the Palmarejo Valley. However, the 
focus for this area was identifying stream networks and not delineating watersheds. This 
analysis was conducted on the raster-based 30 m ASTER-derived GDEM data. The flow 
direction and accumulation were calculated with the HM tool. Then the stream networks 
were identified using a 100 pixel threshold. This threshold was chosen because the 
dataset has a slightly lower resolution than the site layer. In other words, the threshold 
(100 pixel count) is passing over pixels representing 30 m2 rather than 2 m2 (Figure 4.4). 
In addition, to compare the results of the stream network, I added a layer of streams 
obtained from the U.S. Geological Survey Earth Resources Observation and Science 
(EROS) Center, which derived the streams from SRTM Level 2 (30 m) DEM. This data 
layer represents the known intermittent and constant flowing quebradas in the Palmarejo 
Valley.  
 
Results of Spatial Analyses 
 The results of the watershed analysis on the valley demonstrated the abundance of 
quebradas capable of flowing in this valley. However, the analyses cannot suggest if the 
streams were flowing seasonally or perennially. Note that there are streams that flow on 
either the north or south side of Palmarejo, depending on how the streams were derived  
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Figure 4.3. Image of the depression boundary (outlined in red) and civic-ceremonial 
center portion of the site. Highlighted in blue are the micro-watersheds that contribute 
to the depression. 
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Figure 4.4. Stream networks along with archaeological sites for the Palmarejo Valley. 
Streams were derived in several ways. 
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(Figure 4.4). When compared to the other Class 1 and Class 2 sites in the valley, all the 
other sites except Suyapa are adjacent to areas that have the proper topography for 
quebradas. 
 On a more localized level, three potential components of a water catchment 
system were identified: a catchment, grading, and a weir (Figures 4.2 and 4.3). Yet, 
possible swales and/or canals that contribute to a water catchment system were not as 
easily identifed. A depression that could serve as a catchment was delineated west of the 
civic-ceremonial center. The Hydrologic Model of Palmarejo suggest that the grade of 
the ground around the depression and parts of the civic-ceremonial center creates micro-
watersheds that allow water to flow into the depression. To the southwest of the 
depression, an area is raised just enough to direct any possible water overflow, which is 
the function of a weir (see berm in Figure 4.3). In addition, stream networks of possible 
quebradas form around the depression and the site, but the model does not suggest that 
any of the streams flow into the depression despite observations to the contrary during 
previous field seasons (E. Christian Wells, personal communication 2011). Changes in 
the landscape over time may have altered the flow direction of quebradas. Only small 
fragments of streams are identified within the depression area, which may be incidental to 
the grading that forms the micro-watersheds. Yet, a stream network forms at the 
discharge point of the possible weir. This stream network may suggest that water 
overflows from the depression through the possible weir and continues downstream.  
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Summary 
 To identify water management at Palmarejo, three approaches were used in this 
study. This chapter discussed a GIS-based approach used to identify possible water 
catchment features. Using tools offered in ArcGIS, a DEM was created to understand the 
topography of the site and conduct spatial and hydrologic analyses. Using this approach, 
three possible components of a water catchment system were identified: a catchment, 
grading, and a weir. At a larger scale, a hydrologic model of the valley suggests that 
Palmarejo was located in an area that has several potential quebradas flowing around the 
site. Yet, a hydrologic model of the site does not suggest that any of the quebradas 
flowed into the depression, which may limit the amount of water that can be collected 
and stored.  
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Chapter 5  
Archaeological Excavations 
 
 The wealth of information that the spatial analyses provided resulted in 
hypothetical models based on topographic data. Such models have to be physically 
confirmed, also known as conducting a “ground truth,” or “ground-truthing,” to evaluate 
the efficacy of the models with physical evidence. In this study, artifact and soil analyses 
“ground-truth” the models created in Chapter 4. In addition, the artifact and soil analyses 
added another level of information used to identify water-holding capabilities and 
calculate the potential water-holding capacity of features highlighted in the previous 
chapter. This chapter focuses on the archaeological excavations conducted at possible 
water-holding features to recover material associated with water management or ritual, 
while the following chapter covers the soil analyses.  
 
Archaeological Excavations 
 During the 2007 field season, I excavated two units in areas with a high 
probability of finding materials related to water management: a depression adjacent to the 
civic-ceremonial center, and a quebrada that flows through the site and possibly into the 
depression (Figure 5.1). Based on previous research discussed in Chapter 2 and 3, the 
material that may be attributed to water management or ritual includes ceramics used to 
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transport water, incensarios used in water-related ritual, and faunal remains associated 
with water or water-related ritual as well as hydric soils.  
 
 
 
 
Figure 5.1. The site of Palmarejo with Op. 114A and Op. 115A highlighted in red 
(modified from Davis-Salazar et al. 2007:11). 
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Operation 114A 
 Op. 114A was located approximately 80 m west of the South Plaza at 
approximately the lowest point of the depression. The land owner informed me that when 
he was a boy, more than 40 years ago, the depression had standing water that was about 1 
m deep, and it is therefore the reason this location was chosen for excavation. A 2 m by 2 
m unit was excavated in 0.1 to 0.2 m increments down to 1.8 m in order to expose hydric 
soils attributed to water-holding features as well as artifacts associated with water use and 
management. The intention was to excavate the unit to the weathered bedrock or C 
horizon, where either artifacts or hydric soils were not expected to be recovered. 
However, rains and time prevented me from reaching at least a culturally sterile layer. 
Therefore, I supplemented the excavation with an auger probe at the bottom of the unit, 
which is discussed in Chapter 6. 
 The excavation of this unit revealed a very complicated stratigraphy (Davis-
Salazar 2007). As expected, several horizons had clayey and gleyed soils (see C and E in 
Figure 5.2). Some of the soil horizons also display evidence of calcite precipitation 
caused by the limestone parent material typically found in this area (see D through F in 
Figure 5.2). Calcite precipitation resembles fungus or spider webs, and these traits are 
caused by the high amount of calcium carbonates in the soil (Wilding 2000:E56). 
 The calcite precipitation, as well as the hot and sunny conditions, may have 
further complicated observations made in the stratigraphy. Some of the horizons had 
similar color and texture making it difficult to discern between horizons, especially when 
the soil was exposed to the sun. For example, moist soil from horizon E (Figure 5.2) was 
recorded in the field notes as Gley 1 3/N (very dark gray) based on the Munsell soil color  
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chart (2000), and this observation was supported by others in the field (Figure 5.3). 
However, when the color of this horizon was documented in a soil profile a few days 
later, the horizon was labeled as 7.5 YR 3/1 (very dark brown). The differences in color 
were probably due to changes in the amount of water in the soil. 
 Within this gleyed horizon, a rubble feature was uncovered at approximately 1.2 
m below the surface (mbs), which was named FRESA (Figure 5.4). The feature protruded 
out of the northwest corner of the unit in roughly a quarter circle shape, and consisted of 
an approximately 0.2 m high pile of stone rubble embedded with a few pottery sherds. 
Also embedded in the feature was a small piece of carbon recovered at approximately 1.2 
mbs. The soil underneath the feature was very compacted containing large amounts of  
Figure 5.2. Profile of Op. 114A showing all four walls starting with the east wall on the 
left and panning south to end with the north wall profile (modified from Davis-Salazar 
2007:13). 
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Figure 5.3. Examining the gleyed color of soils from Op. 114A against Munsell color 
chart. 
 
 
calcium carbonate (Davis-Salazar 2007:13). Not enough of the feature was unearthed to 
positively identify its function but it does resemble the foundations of wattle and daub 
structures that have been constructed in this area for centuries. In addition, bajareque 
(burned daub) was recovered within the same level as the feature FRESA, along with 
various other artifacts including human-modified jute (water snails), ceramic sherds, 
obsidian, and chert (Appendix A, Lot 10 and 11).  
 Overall, the ceramic sherds that were recovered from Op. 114A did not 
demonstrate diagnostic features that could be identified to either an incensario or water-
carrying pottery, except for four sherds recovered in depths ranging from 0.2 to 0.8 mbs 
(see Op 114A, Lotes 2 and 4 in Appendix A). One sherd was recovered at a depth of 0.2  
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Figure 5.4. Plan view of feature FRESA, located 1.2 m below surface in Op. 114A 
(adapted from Davis-Salazar 2007:14). 
 
 
to 0.4 mbs, while the other three were recovered at a depth of 0.6 to 0.8 mbs. Also, 
animal bones were recovered but the species could not be identified.  
 
Operation 115A 
 Operation 115A was a 0.5 m by 10 m trench located between Structure 13 and 16 
with two 1 m by 1 m units continuing southeast from the trench to the base of Structure 
13 (see Figure 5.1). This location was chosen in an area that, according to our field 
workers, forms a quebrada during heavy rains (Davis-Salazar 2007:15). It is also located 
close to the depression, and may have flowed into the depression. Therefore, this 
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excavation was conducted to investigate if the quebrada was flowing in the past at 
approximately the same time that the structures were present.  
 The trench was excavated to the level of Structure 13’s foundation and extended 
northwest to Structure 16. The trench was divided into a series of 0.5 m by 1 m units that 
were excavated in 0.2 m increments to a depth averaging 0.6 m, except for Units 2, 8, and 
9, which were excavated deeper (Figure 5.5 and 5.6). Unit 8 was excavated down to the 
same level as the foundation of Structure 13 while Units 2 and 9 were excavated deeper 
to determine if the quebrada was flowing through that area before the structures were 
constructed.  
 
 
 
 
Figure 5.5. Profile of Units 1 through 10 of Operation 115A (modified from Davis-
Salazar 2007:16). 
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 Excavation continued with two 1 m by 1 m units placed to the southeast of Unit 8. 
The purpose of excavating these units was to verify if the rocks uncovered in Unit 8 were 
associated with Structure 13. As a result, two terraces connected with Structure 13 were 
uncovered and named NARANJA and BANANO (Figures 5.7). The lower terrace, 
NARANJO, measured 0.6 m tall and 0.6 m deep, while the upper terrace, BANANO, 
measured 0.5 m tall and 0.4 m deep. 
 The stratigraphy for this unit revealed episodes of soils deposited in stages. These 
depositional layers were distinguished by the faunal (snail shell) remains and slight 
differences in coloration. For example, the silty loam layers ranged from 10 YR 3/1 (very 
dark gray) to 10 YR 3/3 (dark brown) were found in the upper 0.5 m of the trench units. 
Figure 5.6. Op. 115A facing 
northwest. 
Figure 5.7. Features BANANO, upper 
terrace, and NARANJO, lower terrace. 
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After an approximately 0.5 m depth, the soil characteristics became more gravelly and 
sandy, while colors shifted to a 2.5 Y hue.  
 Faunal remains recovered from the quebrada excavations predominantly 
consisted of jute and caracol, which are two types of snails. According to our field 
workers, jutes live in slow-moving water, while the caracol prefers wet soil conditions. I 
observed that the jutes were whole and did not show signs of human consumption, which 
is something I had not observed at other excavations that I was involved in at this site. 
Also, the stratigraphy reflects patterns of soil deposited after each episode of seasonal 
rains with faunal remains possibly demonstrating changes from submersed to drained 
soils. In the deeper units, the soil in the trench changed consistency to a colluvial material 
below the elevation of the foundation of the structure (~ 0.7 mbs; Figure 5.8). This 
evidence suggests that the quebrada was flowing through the site after the building was 
erected and probably not before.  
 
 
Figure 5.8. Photo of Op. 115A Unit 2. Note the colluvial layers (red arrow) that start 
below the level of the structure foundation. 
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 Aside from the snail shells, the units at the quebrada had very few artifacts: six 
ceramic sherds found at depths ranging from 0.0 to 0.6 m and three pieces of non-human 
bone at depths from 0.0 to 0.4 m were recovered throughout the trench, excluding the 
terrace features. Evidence of seasonal soil deposition and the lack of artifacts may 
indicate the amount and force of water that flowed through the quebrada. What was once 
trash may have been washed away when water started to flow again down the quebrada. 
 
Artifact Analysis 
 The artifacts collected during excavations were catalogued by provenience and 
included the type of material, the quantity, and the weight. As demonstrated, each 
excavation operation had two different assemblages. Op. 114A at the depression 
contained an abundance of prehispanic materials, while Op. 115A at the possible 
quebrada had minimal artifacts. To understand the relationship between the operation 
locations and the artifacts assemblages, I conducted an Exploratory Data Analysis (EDA) 
of the distribution of artifacts on the excavation lots of each operation. In addition, a 
carbon sample recovered from the top of feature FRESA in Op. 114A was carbon dated 
and the results used to suggest which horizons correlated to Palmarejo’s occupation. The 
same could not be done in Op. 115A, because there were not enough diagnostic artifacts 
to uphold the results. 
 Op. 114A consisted of seven classes of artifacts and faunal remains: ceramics, 
snail shells, lithics, earth (daub), non-human bone, charcoal, and minerals. The largest 
quantities of material are ceramics, snail shells, lithics, and daub. Since Op. 114A 
consisted of only one unit, the data were analyzed according to depth with Lot 0 
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representing the surface (0.0 m below surface, or mbs) and progressing down to Lot 14 
(1.6 to 1.8 mbs), which represents the bottom of the excavated unit. Depth of the lots 
varied from 0.1 m to 0.2 m, however most lots were excavated in 0.2 m depths. On 
average, each lot represents a depth of 0.12 m. The only quantities excluded from the 
EDA were those amounts recorded from excavation wall and floor clean-ups. 
 A similar EDA was conducted on Op. 115A with a focus on the quebrada-like 
feature (Units 1 to 10; see Figure 5.5). Except unlike Op. 114A, the artifact distributions 
were grouped mostly into units rather than lots for analyses for two reasons: most of the 
artifacts, which largely consist of snail shells, were recovered in depths no greater than 
0.6 mbs, and the six non-diagnostic artifacts could not be used to establish a date of 
occupation. In addition, the artifact distributions from each trench unit were observed in 
three different ways. As mentioned earlier, this operation as a whole consisted mostly of 
two types of snail shells, making it difficult to analyze the artifact distribution in an EDA. 
Therefore, I separated the EDA analysis into three parts. First, I analyzed all the data 
from the trench and features except for floor and wall clean-ups, which may have mixed 
provenience. Second, I excluded the snail shells from the EDA to observe the distribution 
of the other material. Lastly, I analyzed the snail shell data alone focusing on the possible 
quebrada-like features (Unit 1 to 10) and excluding the terrace features (Units 11 and 
12). However, this last analysis was done according to depth, because during excavations 
I observed that the quantity of snail shells alternated from jute to caracol according to 
depth. 
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Results of Artifacts Analyses 
 In Op. 114A, the distribution indicates a decrease in artifacts in Lots 8 through 10 
(0.8 to 1.3 mbs), which are lots located just above the feature FRESA (Figure 5.9). 
However, even with these lots added together or removed from the analysis, there is a 
significant decrease in artifacts after Lot 7 (1.0 m to 1.2 mbs), including snail shells. Yet, 
Lots 12 through 14 (1.4 to 1.8 mbs) have an increased proportion of ceramics in relation 
to the snail shells when compared to Lots 1 to 7 (0.1 to 1.2 mbs). 
 The other artifact analysis conducted on Op. 114A was a radiocarbon date. A 
carbon sample recovered from the top of feature FRESA was sent to the University of 
 
 
Figure 5.9. Stacked bar graph of Operation 114A. 
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Georgia Center for Applied Isotope Studies for radiocarbon analysis. The 4.9 g sample 
was collected on top of the feature at 1.2 mbs. The center conducted a 14C Radiocarbon 
analysis and Stable Isotope Ratio δ13C analysis on the sample (UGAMS# 6405). The 
results provided an uncalibrated date of 2210 years BP ±25 years. This date was 
calibrated with CALIB 14C calibration software version 6.0.2, which resulted in a 
calibrated radiocarbon date of 360 to 202 B.C. in a two-sigma range. This carbon sample 
dates the feature to the Late Preclassic (400 B.C. to A.D. 250). Combined with the 
quantity and distribution of the artifacts recovered in this operation, this date suggests 
that Palmarejo may have had a long occupation history. 
 For Op. 115A, snail shell distribution was the dominant contribution in the artifact 
analysis (Figures 5.6 to 5.8). Artifact quantities, consisting mostly of snail shell, averaged 
around 300 with artifact quantities peaking in Units 2 and 3 (approximately 550) and 
dipping in Unit 6 (approximately 150) (Figure 5.10). The average depth of a unit was 0.6 
mbs. Unit 2 was the second deepest unit excavated in this operation, yet the amount of 
snail shell recovered after 0.6 m was less than 40. The stratigraphy may provide an 
explanation (see Figure 5.5). Unit 6 is located in an area with a simple stratigraphy 
possibly displaying where water has washed away soil, while Unit 2 and Unit 3 were 
located in areas within a complex stratigraphy possibly created from sedimentation build-
up. 
 Viewing a portion of the artifact distribution at a time provided a different 
perspective of the data. The snail shells represented a significant amount of the artifacts, 
which hindered the observation of other materials (see Figure 5.10). Once the snail shells 
were removed, I could observe that the other artifacts amounted to a substantially smaller  
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Figure 5.10. Artifact distribution of Op. 115A. 
 
 
amount when compared against the thousands of shells recovered. Yet, the artifacts were 
fairly evenly distributed with the exception of the terrace features (Figure 5.11). 
However, the snail shells provide more information for this operation than the artifacts. It 
was observed on the field that jute amounts alternated with caracol with every 0.2 m lot. 
When the snail shells from Units 1 through Unit 10 were viewed according to depth, this 
pattern was only slightly apparent (Figure 5.12). As discussed earlier, jute is considered a 
water snail while the caracol is more of a land snail that prefers wet soil conditions, 
according to local informants. The results of this EDA may suggest a change in soil 
conditions over time. If I had excavated the trench according to changes in horizon rather 
than arbitrary levels, then maybe a pattern could be correlated with the type and amount  
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Figure 5.11. Artifact distribution minus the snail shell material of Op. 115A. 
 
 
 
Figure 5.12. Snail shell distribution of Units 1 through 10 of Op. 115A. 
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of snail shells in the depositional layers. In other words, I could see periods of wet soil 
versus inundated soil conditions. 
 
Summary 
 I discussed the archaeological excavations that were conducted at two water-
holding features. One excavation, Op. 114A, was placed in the center of a depression, 
which spatial models suggest had physical features conducive to water retention, while 
the other excavation, Op. 115A, was located across a possible quebrada. Although spatial 
models did not suggest that the quebrada-like feature flowed into the depression, this 
feature was identified in earlier field seasons to potentially contribute to the depression. 
 Artifacts recovered in Op. 114A include an abundance of ceramic sherds, snail 
shells, animal bones, daub, obsidian, and chert as well as a charcoal sample. This study 
concentrated on the ceramics, snail shells, animal bones, and charcoal sample. From the 
thousands of ceramic sherds, only four ceramic sherds were identified as incensarios. 
From the snail shells, the jute were most abundant and showed signs of human 
modification, while the other faunal remains (animal bones) were not identified. Finally, 
the radiocarbon dating of the charcoal sample recovered above the feature FRESA at 1.2 
mbs suggests a Late Preclassic occupation. In addition, excavations at this unit revealed a 
complex stratigraphy. Thick clayey and gleyed horizons displaying evidence of calcite 
precipitation were observed above the feature FRESA. 
 In contrast, Op. 115A had very few artifacts but an abundance of snail shells. The 
distribution of each type of snail shell, jute and caracol, may suggest changes in soil 
conditions from damp to inundated. In addition, the depth of the depositional layers that 
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were observed in the stratigraphy suggests that this feature was a quebrada that was 
flowing when the adjacent structures were present. 
 The archaeological excavations support, or “ground-truth,” the hydrologic model 
by providing evidence of two forms of water-holding features, moving water (quebrada) 
and still water (the depression). These features are two of the four components of a water 
catchment system, assuming that the quebrada functioned like a canal. Yet, the unit 
excavated at the depression cannot provide enough information to estimate the volume of 
water that may have been available to residents of Palmarejo, Therefore, soil analyses are 
used to supplement this study. 
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Chapter 6  
Soil Analyses 
 
 As introduced in Chapter 5, artifact and soil analyses are used in this study to 
“ground-truth” the spatial analyses discussed in Chapter 4. The previous chapter 
discussed the archaeological excavations conducted at possible water-holding features. 
The excavations uncovered soils that may suggest water-holding capabilities. Therefore, 
soils samples were collected from the excavations and the surrounding area to investigate 
for water-holding attributes in the soil that would suggest potential water-holding 
capabilities and capacity. This chapter discusses the methods for collecting the samples, 
the soil analyses conducted on the samples, and the results of the analyses. 
 
Soil Samples 
 As discussed in Chapter 5, the archaeological investigations conducted at possible 
water-holding features revealed either hydric or depositional soils. To further explore the 
water-holding capabilities of the features, I collected soil samples from these features to 
test for physical and chemical characteristics typically found in waterlogged soils. 
Samples were collected from each soil horizon observed at excavated units. In addition, a 
systematic soil auger probe was conducted around Op. 114A and soil samples were 
collected from those observed horizons. Samples were numbered according to their 
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operation. For example, soil samples from the unit excavated at the depression referred to 
as Op. 114A were labeled starting as Op. 114A-1.  
 For the systematic auger probe, a 3¼” (8.3 cm) hand soil auger was used to 
extract soils around the area of the depression. These auger probes allowed me to observe 
differences in soil color and texture, and thereby identify soil horizons in a timely 
manner. The analysis of the soil samples collected from the probes will aid in inferring 
the size and function of the feature. A similar technique was utilized by Scarborough et 
al. (1995) at the site of La Milpa. Samples weighing no less than 100 grams were 
collected from each soil horizon from each probe and placed in sterilized Whirl-pak® 
sampling bags to prevent contamination. 
 
Op. 114A – Soil Samples from Unit 
 A total of 15 soil samples were collected from the 2 m by 2 m unit (Appendix B). 
Soil samples were removed from seven distinct soil horizons, labeled A through G, that 
were observed on the east wall of Op. 114A (Figure 5.2). These soil samples were 
numbered Op. 114A-1 through Op.114A-7, which covered a depth from 0.0 m to 1.8 
mbs. Since Op. 114A could not be excavated beyond the 1.8 m, I probed the center of the 
bottom of the unit with the soil auger another 3 m to observe the changes in horizons 
below the unit floor and to collect soil samples. As a result, I observed an additional eight 
changes in soil color and texture. These samples were collected and labeled Op. 114A-8 
through Op. 114A-15. 
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Op 114B - Soil Auger Probe 
 To study the extent of the waterlogged horizon identified in Op. 114A, I probed 
around the unit with a soil auger. This soil sample collection was named Op. 114B. 
Twelve probes were conducted in sets of three and in a linear direction, which radiated 
from the center of the unit out to each cardinal direction (Figure 6.1). Each soil auger 
probe penetrated the soil until hitting an obstruction, such as rock fragments. The first set 
of probes was spaced 5 m from the center of the unit. The second set of probes was 
spaced 10 m away from the first set of probes. Finally, the last set of probes was spaced 
20 m away from the second set of probes. A soil sample was collected from each 
observable change in soil color and texture reflecting a different soil horizon (see 
Appendix B). 
 
Op. 115A – Soil Samples from Trench 
 Soil samples were collected from Unit 9 of Op. 115A. This unit was chosen for 
the soil samples, because it was one of the deeper units and because the horizons were 
easier to identify. Unlike Unit 2, Unit 9 displayed less episodes of seasonal deposition. A 
total of eight samples were collected from Unit 9. 
 
Soil Analyses 
 For this study, soil analyses were conducted to investigate the physical and 
chemical characteristics of the soil and thereby provide another level of physical 
information to support the spatial models. Soil analyses were conducted to identify the 
water-holding or flowing capabilities of both the depression and the possible quebrada.  
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Figure 6.1. Op. 114A (2 m unit in the center) and Op. 114B (probes around the unit) were 
located west of the civic-ceremonial center. Op. 115A was located south of the civic 
ceremonial center (modified from Davis-Salazar et al. 2007:11). 
 
 
Using EDA, soil samples from these two areas were compared against other soil samples 
from “bajos” and upland soils (from Darley 2008 and Lincoln 2007, discussed in Chapter 
3).  
 Soil’s physical characteristics reflect on the chemical characteristics. The United 
States Department of Agriculture (2007) sets the standard for soil characteristics 
including hydric soils. Hydric soils typically have a lower pH caused by high organic 
matter with colors ranging from a dark black/brown to a grayish hue (Richardson and 
Vepraskas 2001). Also, intermittent water saturation causes the minerals in soils to 
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oxidize and reduce giving the mottled appearance of gleyed soils (Ibid.). The dark 
black/brown color in hydric soils is due to similar effects or oxidation and reduction in 
soils with high organic matter. High organic matter would also leave traces of phosphorus 
(P). However, organic matter derives from different sources. Humans leave traces of P 
during their everyday events, such as food preparation and consumption, defecation, and 
perspiration (Holliday 2004:300). Therefore, the combination of organics growing in the 
depression as well as the human traces washed towards the depression would result in 
high levels of Total P. The same is true of potassium (K) (Ibid.). Potassium is an element 
found in wood ash but can also be associated with food preparation and ceremony 
(hearths and incense burners). So I expect high levels of K associated with anthropogenic 
events. 
 The analysis of the physical characteristics of soils include color, texture (sand, 
silt, clay proportions), and SOM (soil organic matter). As discussed in Chapter 3, if the 
depression functioned as a water-holding feature, then it was expected to have gleyed 
color soils, high SOM, and lower pH when compared to upland soils. In contrast, the 
possible quebrada should have the opposite characteristics since the soil for a stream 
should be sandy and lighter in color with less organic matter due to the flowing water 
washing away sediment and providing oxygen to assist in decomposition.  
 Soil analyses were conducted using techniques applied in the Cultural Soilscapes 
Research Group located in the Department of Anthropology of the University of South 
Florida. A total of 103 soil samples were analyzed, which included 76 samples from Op. 
114B and Op. 115A as well as 27 samples from uplands and “bajos” in Palmarejo Valley 
(Lincoln 2007; see Appendix B). 
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Physical Characteristics 
 Color. Color was recorded under two conditions. The first condition was in a 
natural dry state, while the second was in a moist state. Natural dry conditions were 
achieved by opening the Whirlpaks of each soil sample soon after the soils arrived from 
Honduras. This process also reduced the fungal and microbial growth that could take 
place in damp tropical soil. However, the soil was later moistened to record the soil color 
in damp conditions. Approximately 5 g of soil were moistened with a drop or two of 
water in order to record the moist soil color. The soil was not completely saturated but 
instead moistened enough to achieve a soil water content closely resembling field 
capacity. The color for both dry and damp soil samples were recorded by comparing each 
sample against a Munsell Soil Color Chart (2000). 
 Texture. To determine the proportion of sand, silt and clay in the soil, I used the 
gravitation method using a LaMotte® texture test kit. This method required three 50 mL 
test tubes, a texture dispersing agent, and the equivalent of 15 mL of soil for each sample. 
The soil was placed in one tube, with 1 mL of texture dispersing agent. The tube was 
filled with deionized water to total 45 mL, capped, and then gently shaken for two 
minutes to thoroughly mix the contents. After agitation, the tube was left undisturbed for 
30 seconds, after which the contents were carefully poured out into another tube. The 
second tube was left undisturbed for 30 minutes. After this time, the contents were 
carefully poured into a third tube.  
 The remains of the first tube were measured and recorded. The percentage of sand 
was calculated by taking the reading, dividing by 15 and then multiplying by 100 (% sand 
= (Tube 1)/15*100). The percentage of silt was calculated in the same way but taking the 
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measurements of Tube 2 (% silt = (Tube 2)/15*100). Finally, clay was calculated by 
subtracting the values of silt and clay from 15 and then dividing it by 15 and multiplying 
by 100 (% clay = (15-Tube 1-Tube 2)/15*100). These percentages were then compared 
against the textural triangle, which illustrates the 12 USDA soil textural classifications 
(Soil Survey Division Staff 1993). 
 Soil Organic Matter. To determine the percentage of organic matter in the soil 
samples, I conducted a SOM analysis using the “loss on ignition” method. However, for 
this method I used a kiln rather than the standard lab muffled furnace. For this procedure, 
I placed approximately 10 to 15 g of soil in a porcelain crucible. Then I weighed the 
crucible to the hundredths place using an electronic balance. Afterwards, the crucibles 
were placed in a programmable Skutt KM-614-3 kiln normally used to fire ceramics. The 
kiln was used for this technique, because it allowed me to program the “loss on ignition” 
technique into its electronic kiln sitter and process 17 samples at a time. The kiln was 
programmed with three segments of time, which included drying the samples, “ashing” 
the samples, and then slowly cooling off the samples. The first segment of time dried the 
soils samples for two hours at 105° C. An extra 10 minutes was added to the drying time, 
which allowed me to weigh the crucibles after drying while keeping the kiln warm. After 
this time, the kiln ramped up to 360° C at 300° C an hour, which is the second segment of 
time programmed into the kiln. Once this temperature was reached, the kiln kept this 
temperature for two hours to incinerate the organics in the soil, also known as ashing. 
After this time, the kiln went to its third segment of time. For this segment, the kiln was 
programmed to alarm when it reached 105° C, which would cool the crucibles enough to 
weigh with the aid of tongs. The percentage of organic matter in the soil samples was 
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calculated by subtracting the final weight from the dry soil weight, and then dividing the 
results by the dry soil weight (% organics = (dry soil weight – ashed soil weight)/dry soil 
weight). 
 
Chemical Characteristics 
 pH. Soil pH refers to the active acidity caused by free H+ ions present in the soil, 
and is categorized by the types of soil reactions, which range from very strongly acidic 
(pH of 4.0 to 3.0) to very strongly alkaline (pH of 10.0 to 11.0) (Tan 2005:191). Tan 
(2005:192) explains how pH levels can affect the quantity or deficiency of some 
elements, such as P and K. For this reason, I conducted an analysis to determine the 
hydrogen potential (pH) of the soil samples. 
 There are two types of pH measurements that can be used for soils: the 
colorimetric method and the potentiometric method (Tan 2005:192). The colorimetric 
method uses indicators to determine the pH, while the potentiometric method uses 
electrodes to measure the H+ ions. For this study, I used the potentiometric method. pH 
was measured with a portable Hanna (pHep-5) pH tester in a 1:2 soil to water ratio. This 
ratio was chosen because “this condition is closer to natural conditions” (Tan 2005:202). 
To conduct this analysis, I mixed 5 g of soil with 10 mL of deionized water in a small 
glass beaker and mixed with a glass stirring rod. The solution was then left undisturbed 
for 5 minutes. After this time, I agitated the sample, inserted the pH tester and recorded 
the measurement displayed on the instrument. 
 Mild Acid-Extractable P. As just mentioned, the potential hydrogen (pH) of the 
soil affects the phosphate levels and vice-versa. One source of phosphates comes from 
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decomposing organic matter, while decomposing organics affect the acidity of the soil 
(Tan 2005). This dynamic relationship is an indication of soil conditions, especially in 
hydric soils. To determine the mild acid-extractable P in the soil samples from Palmarejo, 
I extracted the element from the soil using the Mehlich II method and measured the P 
levels with a portable colorimeter. 
 First, I prepared an acid solution in the ratio of 10 mL of concentrated Mehlich II 
acid to 100 mL of Type II deionized water. For each soil sample, I measured 2 g of soil in 
a test tube then added 20 mL of acid solution. The test tubes were capped with a rubber 
stopper and agitated intermittently for 5 minutes. After this time, the contents of the test 
tube were poured into a glass funnel lined with ashless filter paper to filter out the soil. A 
clean glass scintillation vial was placed under the funnel to collect the liquid. This liquid 
was also used in measuring potassium ions, which will be discussed later. Once filtered, 
the contents of a PhosVer 3 powder pillow were added to the solution and the vial was 
shaken to dissolve the powder. To measure the concentration of extractable P, a Hach 
DR/890 portable colorimeter was used to detect the phosphorus levels. The colorimeter 
measures not only P but also P2O5 and PO4. The results provided by the colorimeter were 
then converted to parts per million (ppm) by multiplying the results by 212.5 and then 
multiplying by the soil quantity (2 g), as instructed in the Hach DR/980 instruction 
manual. 
 Mild Acid-Extractable K. Like P, potassium is another essential nutrient for plant 
growth. Called potash when found in fertilizer, “the term is derived from potassium salts 
obtained by burning wood in pots” (Tan 2005:278). It is also derived by the 
decomposition of plant residues. However, potassium ions can quickly leach from the soil 
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unless retained by cation exchange, such as in conditions found in acid soils, or from 
complex formation, as when clay minerals or humic soils attract potassium ions (Tan 
2005:281). In Palmarejo, slash and burn agriculture was practiced and wood was used for 
cooking. Therefore, high levels of potassium ions may suggest anthropogenic behavior if 
the ions are trapped in clayey or humic horizons. 
 To measure the potassium ions, I used a Horiba compact ion meter. After the acid 
soil solution was filtered during the process to extract P, a few drops of the filtered liquid 
were placed on the ion meter sensor using a pipette. Measurements were displayed in 
ppm. 
 
Results of Soil Analyses 
 To understand the relationship between the physical and chemical characteristics 
of the soil samples, quantitative analyses, including EDA, were conducted on the results 
of the soil analyses. The objective of EDA is to examine the data, form a hypothesis, and 
then conduct the relevant statistical analysis to test the hypothesis. For this study, the soil 
analysis results were narrowed down to the B horizons where evidence of occupation and 
gleization occur. All statistical analyses were conducted using SPSS v.18. 
 To examine the data, I created a box-plot for the following values according to 
location: clay, organics, pH, P, and K (see Appendix C). The results show marked 
differences between the lowest portion of the depression (Unit and Probes 1, 2, 4, and 5; 
see Figure 6.2), and the uplands (samples from El Morro, Palmarito, and Palos Blancos), 
especially in clay, P and pH. In addition, there is a slight difference in the amount of 
organics from probes located at the bottom of the depression, which contain slightly  
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Figure 6.2. Figure of probe (labeled cores) locations, numbering, and group assignment. 
Depression boundary shown in dark red. 
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elevated organic material. Yet, a pattern could not be observed with K. Overall, the 
results of the EDA suggest that the probe samples should be grouped according to 
location in order to analyze the differences between the groups. 
 The soil analyses results were categorized into four groups: depression basin, 
depression edge, uplands, and quebrada. Group 1 consisted of samples located from the 
lowest part of the depression basin, which have an arbitrary elevation of less than 87.25 
m, as well as probes from El Bajo Mango, which is another possible depression 
(Appendix B and C; Lincoln 2007). The depression basin samples included samples from 
the Unit and Probes 1, 2, 4, and 5. Group 2 consisted of samples from the depression 
edge, which included the rest of the probes located at the depression: Probes 3, 6, 7, 8, 9, 
10, 11, and 12. Group 3 consisted of upland samples from probes collected in El Morro, 
Palmarito, and Palos Blancos within the Palmarejo Valley (Wells et al. 2011). Finally, 
Group 4 consisted of samples collected from the quebrada. 
 To study the differences observed in the EDA, I performed a one-way Analysis of 
Variance (ANOVA) on the groups to determine if there are significant differences 
between the groups (Appendix C). A Scheffe post-hoc test was also performed to 
understand which group had significant differences (p≤.05). The results from the 
ANOVA suggest a significant difference between the groups in terms of clay (F=2.8, 
df=69, p=.05), pH (F=14.7, df=69, p=.00), P (F=3.9, df=69, p=.01), and K (F=6.6, df=69, 
p=.00). Levels of organics were slightly different (F=1.3, df=60, p=.27). In addition, the 
post-hoc test shows a significant difference between the uplands (Group 3) and the rest of 
the groups in terms of pH. Also, there is a significant difference in terms of P between the 
basin (Group 1) and the quebrada (Group 4). Finally, the post-hoc test shows a 
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significant difference in terms of K between the uplands when compared against the 
basin and the quebrada. In summary, the results from the soils from Group 1 (the 
depression basin) demonstrated signs of hydric soils when compared to the upland soils. 
In addition, Group 1 demonstrated Bg horizons, which were especially thick in Op. 114A 
(see Horizon E in Figure 5.2), while adjacent probes demonstrated textured horizons 
(clayey soils).  
 
Categorizing the Feature 
 The difference in soil physical and chemical characteristics may aid in 
categorizing these possible water-holding features. It was discussed in Chapter 3 that the 
lack of systematic soil analyses of soils from water-holding features prevented the 
observation of patterns associated with these features. Therefore, I suggest using EPA 
standards for wetlands to aid in categorizing features to better understand the water-
holding capabilities. Based on EPA standards (see Figure 3.7), the soils from the 
depression demonstrates characteristics similar to both fens and marshes. Based on the 
spatial models, the depression could be filled with precipitation and runoff as with a fen. 
Soil analyses indicate a slightly higher amount of clay than the uplands, which also 
reflects fen-like characteristics. Yet, the soil chemical characteristics and soil color reflect 
marsh-like characteristics. 
 As I discussed, most archaeologists conduct soil analyses on bajos and reservoirs, 
while the term aguada is used to cover features ranging from sinkholes to small 
depressions without soil analysis to support this term. Yet, an aguada does reflect a 
smaller water-holding feature when compared to a bajo or even some human-made 
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reservoirs (see case studies in Chapter 2). Therefore, it can be argued that just like a 
marsh or fen has slightly different characteristics that differentiate it from a swamp, then 
an aguada would also demonstrate these differences when compared to a bajo. Therefore, 
I suggest that the depression at Palmarejo is an aguada since this feature lacks the size 
and soil attributes associated to most human-made reservoirs and bajos. 
 
Calculating Sustaining Capacity 
 To calculate the water-holding capacity of the depression, I used the volume of 
water the feature could hold based on dimensions provided by the spatial and soil 
analyses. The formula to calculate water volume depends on diameter and depth of the 
depression, and this can be delineated in different ways affecting the results. First, I 
estimated the rate of soil accumulation using the radiocarbon date discussed in Chapter 5. 
The charcoal sample places the feature FRESA at approximately 360 to 202 B.C. The 
sample was recovered at a depth of 1.43 mbs in 2008. By dividing depth by time before 
recovery (~2380 to 2210 BP), the soils in the depression may have accumulated at an 
average rate of 0.0006 m a year. While this rate may have been impacted by slope and 
land use, these adjustments were not considered in the catchments presented in the case 
studies cited in Chapter 2, and so therefore they are ignored in this analysis for equal 
comparison. 
 Based on the accumulation rate, a Late Classic (A.D. 600 – 900) occupation may 
be represented at a depth ranging from 0.66 to 0.84 mbs. Yet, the hydric soils in Op. 
114A have been observed at a depth that includes the top of the feature FRESA where the 
carbon sample was recovered. Therefore, I calculated the volume of water to consider 
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four scenarios. The first scenario is at the depression’s present state. The depression is 
delineated by the contours generated by the spatial analysis on the present surface, which 
is discussed in Chapter 4 (d = ~30 m). Hypothetically, the depression can hold water to a 
depth (h) of ~0.37 mas (m above the present surface) before it overflows over the berm 
identified on spatial models (see Figure 6.2). 
 The second scenario takes the same diameter but adjusts the depth to 1.10 m 
(~0.73 mbs + 0.37 mas) to include 0.0006 m per year of soil accumulation to coincide 
with an average Late Classic occupation horizon. The third scenario uses the same 
diameter of ~30 m but the depth is adjusted to 1.80 m (~1.43 mbs + 0.37 mas) to coincide 
with the depth of the FRESA feature and thereby represent a possible Late Preclassic 
occupation. The final scenario delineates the depression based solely on the hydric soils 
observed in Group 1. The hydric soil characteristics are observed at an average depth of 
0.80 mbs with an estimated 20 m diameter. If the depression filled to the height of the 
berm then the depth of the depression would equal to 1.17 m (see Figure 5.9 and 
Appendix C). These four scenarios show a range of holding capacities over time as well 
as the minimum capacity based solely on hydric soils. 
 To calculate the volume (Table 6.1), I assumed the depression formed in a dome 
shape and, therefore, used the dome equation where the depth of the depression is ℎ and 
𝑟𝑐  represents the radius of curvature: 
𝑉 = 𝜋𝑟𝑐 ℎ2 − 13𝜋ℎ3 
To calculate radius of curvature, I used the equation: 
𝑟𝑐 = ℎ2 + (𝑑2)2 2ℎ�  
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Table 6.1. Values used in calculating the volume of water with their results. 
 
Scenario Depth (h) Diameter (d) Curvature (rc) Volume (m3) 
1 – Current 0.37 m 30 m 304.24 m 130.73 
2 – Late Classic 1.10 m 30 m 102.82 m 389.26 
3 – Preclassic 1.80 m 30 m 63.40 m 638.91 
4 – Soils 1.17 m 20 m 43.32 m 184.52 
 
 
 The results in Table 6.1 were utilized to calculate the sustaining capacity of the 
depression in the same manner as the case studies presented in Chapter 2. The sustaining 
capacity was calculated for survival and medium-term rations to last for 120 days, which 
is the average dry period in the Maya Lowlands (Table 6.2). The results suggest that the 
depression alone had the capability of sustaining the most people during the Late 
Preclassic but reduced to almost half during the Late Classic. 
 
Table 6.2. Sustaining capacity of the depression at Palmarejo. 
 
Scenario Volume (L) Population on Survival 
Rations (7 Lpcd)* 
Population on Medium 
Rations (15-20 Lpcd)* 
1 - Current 130,730 156 73 - 54 
2 – Late Classic 389,260 463 216 - 162 
3 – Preclassic 638,910 761 355 - 266 
4 - Soils 184,520 220  103 - 77 
* Allocations based on WHO (2005) and calculated for a 120-day seasonal dry period, (P = V / Lpcd / 120). 
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 During the Preclassic, Palmarejo could have sustained over 700 people with the 
minimum (survival) allocation of water. By the Late Classic, this amount reduced to over 
400. The amounts lower dramatically with a medium-term allocation of water resources. 
During the Preclassic, at least 260 people were able to be sustained with a medium-term 
allocation of water. This was reduced by one-third to approximately 160 people in the 
Late Classic.  
 
Summary 
 The soil analyses provided another level of “ground-truthing” the spatial models 
created in Chapter 4. Archaeological excavations uncovered soil horizons that 
demonstrated either waterlogged traits or seasonal deposition at possible water-holding 
features. These attributes were further tested with soil analyses. The results suggest that 
the soils associated with the depression and the quebrada were significantly different 
from upland soils. Yet, the soils from the deepest part of the depression and the quebrada 
also showed significant differences in terms of P. 
 The soil characteristics may suggest qualities that may define the water-holding 
features. Although archaeologists have not extensively studied the soil characteristics of 
aguadas in relation to water management (Darley 2008), the soils from the depression 
may demonstrate characteristics that would categorize this feature as an aguada. As for 
the quebrada, soils from this type of water-holding feature have not been studied in 
prehispanic water management.  
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Chapter 7  
Discussion 
 
 In the previous three chapters I discussed the three methods used to assess water 
management at Palmarejo: GIS-based analyses, archaeological excavations, and soil 
analyses. These analyses were conducted to identify the four basic elements of water 
management that can be used to make inferences about the socio-political organization of 
Palmarejo’s water resources. This chapter compares and discusses the results of the 
analyses against the expectations outlined in Chapter 3. 
  
Water catchment System 
 First, a water catchment system had to be identified in order to study water 
management at Palmarejo. As demonstrated in the case studies presented in Chapter 2, 
water catchment systems have four components: a catchment, grading, swales and/or 
canals, and weirs. Identifying these components and studying the connectivity of the 
features may reflect the control over engineering and construction of the catchment 
system. 
 For example, the presence of a water catchment system and how far that system 
extends over a polity has implications for who controls water (Scarborough 2003). As 
seen in Tikal, the flow of a water catchment system began at the center of the polity with 
the elites, and then flowed out to the fringes of the polity (Scarborough 2003). This water 
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catchment system design suggests the presence of a strong government with the power to 
engineer and modify the landscape to construct this system throughout the whole polity. 
In contrast, Kinal and Copán have water catchment systems that are some distance away 
from the elite and water-holding features are not always connected to one another, which 
suggest a decentralized form of water management since planning is not being considered 
for the whole polity (Davis-Salazar 2001, 2003; Scarborough et al. 1994). Based on these 
two models, I formulated two contrasting expectations for Palmarejo. If the four 
components of a water catchment system were present with components connecting to 
one another throughout the whole polity, then this system design may suggest that the 
elite of Palmarejo had strong and direct control over water management. However, if the 
water catchment system lacked components or if components did not connect to one 
another to demonstrate engineering of the polity for water management, then this may 
suggest that the elite had indirect or no control over water management. Other methods of 
indirect elite control over water management may have been used, such as community-
level or household-level water management. 
 I was able to identify four components of a water catchment system at Palmarejo. 
First, a catchment (depression) was identified to the west of the elite structures. 
According to the spatial analyses, this catchment is approximately 30 m in diameter and 
0.37 m deep. In addition, informants have witnessed water perching in this area within 
the last 50 years or so. The ability for the depression to hold water was supported by the 
soil analyses. The soil characteristics that indicate waterlogged soils are the Bt and Bg 
horizons. Gleyed horizons, Bg, show signs of reduction due to long periods of inundation 
resulting in a greenish or grayish hue to the soil. Textured horizons, Bt, have more clay, 
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which changes the feel of the soil. Clay is deposited in this horizon when water moving 
downward through the soil becomes stopped. At Palmarejo, the Bg horizon at the 
depression (Op. 114A) measured from ~0.70 mbs to ~1.45 mbs, while the Bt horizon 
measured from ~ 0.30 mbs to 0.70 mbs (see Figure 5.2 and Appendix B). In addition, the 
soils contained statistically higher clay, P, and lower pH compared to upland soils. 
However, the stratigraphy for Op. 114A did not indicate evidence of anthropogenic 
improvements to the water holding capacity of the catchment (i.e., lining with clay or 
limestone plaster), which may suggest that the depression started to retain water after 
enough clay naturally accumulated. This may explain the presence of feature FRESA 
below the hydric layer. 
 Next, I used the hydrologic model to calculate the watershed thereby highlighting 
the surface areas that would contribute surface run-off to the catchment. The results 
suggest that parts of the civic-ceremonial center had a surface grade that would allow 
water to flow to the catchment. Since this area of the site went through extensive 
anthropogenic changes, I do not think these grades are naturally occurring. In addition, 
the soil horizons described above do not include a buried A horizon that may suggest a 
sudden deposition of soil over present surface soils. Instead, thickened hydric and 
textured horizons were observed in the stratigraphy suggesting a steady accumulation of 
soil that is often inundated with water. 
 To calculate the rate of soil accumulation, I used the radiocarbon date discussed in 
Chapter 5. The charcoal sample places the feature FRESA at approximately 360 to 202 
B.C. in the Late Preclassic period. The carbon sample was recovered at a depth of 1.43 
mbs. I divided the depth by the length of time to calculate a soil accumulation at an 
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average rate of 0.0006 m per year. Based on this accumulation rate, a Late Classic (A.D. 
600 – 900) occupation may be represented at a depth ranging from 0.66 to 0.84 mbs. 
Therefore, I suggest that the depression may have been inundated as early as the Late 
Preclassic to Late Classic periods with inundation occurring less frequently after A.D. 
950, based on the observed horizons. This observation is supported by the EDA 
conducted on the artifact distribution discussed in Chapter 5, where the materials in the 
depression steadily increased from the Late Preclassic (~ Lot 10 at 1.2 to 1.3 mbs) to the 
end of the Late Classic (~ Lot 3 at 0.4 to 0.6 mbs) before there is a sharp drop in the 
amount of artifacts recovered (see Figure 5.9). 
 To calculate the size of the catchment based on the presence of hydric and 
textured horizons extending from Op. 114A, a systematic auger probe of the depression 
was used to size the feature. Statistically, the attributes of the soils from Group 1, which 
were soil samples collected from the bottom of depression, demonstrated hydric soil 
characteristics, while the rest of the samples had more upland characteristics (see Figure 
5.9). Based solely on soil analyses, the feature measures approximately 20 m in diameter 
and as much as 1.45 m deep (at the Bg horizon). 
 Finally, a possible berm-like feature was highlighted with both the spatial and 
hydrologic analyses (Figure 4.3). This area of raised earth would have allowed an 
overflow of water to slowly and controllably flow downstream, functioning as a weir 
feature. The hydrologic model produced a stream network adjacent to this berm, which 
reinforces the possibility that this feature functions as a weir. However, further 
excavations are needed to “ground-truth” these results. 
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 One component is inconclusive. I expected the quebrada to function in the same 
capacity as a canal, or swale, and flow into the catchment in order to collect the most 
water. The results of the archaeological excavations (Op. 115A) suggest that the 
quebrada was contemporaneous to the adjacent structures. However, the hydrologic 
model does not indicate that the stream flowed into the catchment. So Palmarejo had all 
four components but only three functioned in a water catchment system: the depression, 
the grading, and the weir. In addition, the soils suggest that the catchment may have been 
smaller than the hydrologic models demonstrate. Based on this evidence, I suggest that 
Palmarejo had a water catchment system that may not have been fully developed to 
incorporate the whole polity since only part of the surface grading contributed water to 
the catchment and nearby quebradas were not utilized to maximize the collection of 
water.  
 
Spatial Relationships 
 The spatial relationship between structures and the water catchment systems is the 
evidence used to establish who has control over water management. Based on the 
literature discussed in Chapter 2, three relationship associations were identified: elite, 
community, and household. In an elite relationship association, direct and centralized 
control over water management is inferred when elite structures are adjacent to large 
catchments (Scarborough 2003). Tikal is the model for direct control (Scarborough 
2003), while Kinal is an example of less centralized but possibly elite-influenced control 
since elite structures were in close proximity and not adjacent to reservoirs (Scarborough 
et al. 1994). Community and household relationship associations provide other alternative 
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forms of water management control. In community-level water management, catchments 
are surrounded by a community that may have lesser elite within the community to direct 
water management, and control is reinforced through feasting and ritual, as seen in Copán 
(Davis-Salazar 2001, 2003). In a household relationship association, elites are not present 
so control over water resources relies on households, as demonstrated at the Far West 
Bajo (Kunen 2006). 
 Palmarejo had elites (Wells et al. 2004, Novotny 2007) so the question is whether 
Palmarejo had elite or community-level control over water management. If this 
depression is part of a water catchment system and the elite are adjacent or in close 
proximity to the largest catchment, then it may suggest that Palmarejo had direct and 
centralized control over water management. As discussed above, only one depression was 
identified at Palmarejo, which lies adjacent and to the west of the elite structures. 
However, the catchment lacks evidence to suggest that it was engineered for maximum 
storage capacity and the water catchment system lacks connectivity to other water-related 
features. In addition, fragments of incensarios may suggest that rituals and/or feasting 
took place in close proximity to the catchment, as seen in Copán. Therefore, I suggest 
that the spatial relationship between the water catchment system and elite structures 
demonstrate a community-level control over water management since evidence does not 
support strong government control over water management in terms of engineering and 
planning. 
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Water-related Imagery 
 Visual representation of water management reinforces power and comes in many 
forms. For example, Fash and Davis-Salazar (2006) discussed how water-related imagery 
in epigraphy and architecture was used to reinforce authority over water management. 
However, I argue that the built environment is also an extension of this imagery and 
could be used at sites that lack other forms of water-related imagery. For example, 
household shrines to the east of catchments, as seen in the Far West Bajo, symbolize 
control over water management (Kunen 2006). At Copán, lesser elite structures were 
located in most instances to the east of catchments (Davis-Salazar 2001). In addition, 
Davis-Salazar (2001, 2003) has demonstrated how water-related rituals and feasting may 
have taken place in community-sponsored water management so the paraphernalia 
connected to water-related ritual and feasting could represent another visual display of 
control over water management. If elite or shrines are located to the east of catchments 
and/or there is evidence of water-related ritual and feasting, then these items may suggest 
a demonstration of authority over water management. 
 I discussed the sherds of incensarios recovered from the depression. In addition, 
the spatial analyses demonstrate that elite Structures 20 and 29 at the civic-ceremonial 
center (Figures 5.1 and 5.4) are located due east of the depression. According to Novotny 
(2007), these structures were one of the tallest buildings in Palmarejo and possibly 
symbolized religious and administrative importance. The alignment of the depression 
with these structures may have been the imagery that reinforced elite control over 
resource rights similar to household or lineage shrines observed by other archaeologists 
(Kunen 2004, 2006; Becker 1971, 1988, 1999; McAnany 1995, 1998; Haviland 1981, 
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1988). Therefore, I suggest that water-related imagery was present as demonstrated 
through the spatial association between these structures and the depression. 
 According to Novotny (2007:131), the elite did not inhabit the civic-ceremonial 
center like at other sites in the Naco Valley but rather resided to the southeast and 
northwest of the center, although they still retained control despite the separation from 
the center. If the inhabitants held similar beliefs as the contemporary Lenca, then that 
separation between the depression and residences may suggest a buffer in order to live a 
safe distance away from the living waters of the depression (see Chapman 1985). If this 
was the case, then we might expect to find that the civic-ceremonial center may have 
symbolized control over water and the water spirits while offering protection to 
occupants.  
 
Sustaining Capacity 
 Finally, the water catchment system has to provide enough water to sustain the 
population. As demonstrated with the case studies, the size of the catchment provides an 
estimated volume of water that was collected by the water catchment system. The volume 
can then be translated into the sustaining capacity based on WHO (2005) standards for 
water requirements. Of the four case studies, Kinal stored the least amount of water. At a 
survival ration of water, Kinal’s water catchment system can hold enough water to 
provide for a third of its estimated population. In Copán, the catchments provided for the 
community and had a surplus to provide for others outside of the community but not 
enough for the whole polity. Chawak But’o’ob and Tikal, two contrasting sites in size 
and environmental setting, had an overabundance of water for their estimated 
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populations. The population of Palmarejo is estimated to be 249 people (Hawken 2007; 
Moreno-Cortés et al. 2008). If Palmarejo had enough water to sustain at least a third of 
the population (~83 people) as with Kinal, then this would suggest an attempt to store 
enough water for a portion of the polity However, if Palmarejo stored enough water for 
less than a third of the population, then the shortage of water could have greater 
implications that have not been explored in the case studies presented. 
 In Chapter 6, four scenarios were presented to understand the holding capacity of 
the depression during different occupational periods. The current conditions reflect the 
volume of water that can be collected on the present surface. The Late Classic and Late 
Preclassic volumes were generated from adjustments to the catchment depth based on the 
soil accumulation rate discussed earlier. Finally, the fourth scenario demonstrates the 
volume based on the presence of hydric horizons in Op. 114A and 114B. The results are 
summarized in Table 7.1 with the sustaining capacity calculated for each volume for 
survival and medium-term rations to last for 120 days.  
   
Table 7.1. Sustaining capacity of the depression adjusted to consider a 180-day dry 
period. 
 
Scenario Volume (L) Population on Survival 
Rations (7 Lpcd)* 
Population on Medium 
Rations (15-20 Lpcd)* 
1 – Current 130,730 156  103 73 – 54  48 - 38 
2 – Late Classic 389,260 463  306 216 – 162  142 - 106 
3 – Late 
Preclassic 
638,910 761  502 355 – 266  234 - 176 
4 - Soils 184,520 220  146 103 – 77  68 - 50 
* Allocations based on WHO (2005) and adjusted for a 180-day seasonal dry period, (P = V / Lpcd / 180). 
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 During the Late Preclassic, Palmarejo could have sustained over 700 people with 
the minimum (survival) allocation of water. By the Late Classic, this amount reduced to 
over 400 people. The amounts lower dramatically with a medium-term allocation of 
water resources. During the Preclassic, at least 260 people were able to be sustained with 
a medium-term ration of water (15-20 Lpcd). This was reduced by one-third to 
approximately 160 people in the Late Classic. However, the sustaining capacity for 
Palmarejo has to be adjusted to regional conditions. According to Anderson (in 
Schortman and Urban 1992), the dry season spans for six months rather than the four 
months typically recorded in the Maya Lowlands. Therefore, the calculations have to be 
adjusted to reflect a longer dry period, which means a reduction of 33% (Table 7.1). 
 Assuming a constant population of an estimated 249 people, the depression could 
sustain 75% of the population on medium-term rations during the Late Preclassic and 
about 50% during the Late Classic during a 180-day dry season. However, the hydric 
soils suggest that the catchment was smaller and therefore provided water for 
approximately 60% of the population on survival rations and 25% of the population on 
medium rations. 
 At a larger scale, a stream network analysis of the Palmarejo Valley highlights 
quebradas to the north and south of Palmarejo that flow east to west but not into the 
depression (Figure 5.3). WHO (2005) recommends that a water distribution point should 
not be located more than 500 m from a shelter and the distance between the north and 
south flowing streams are less than 500 m apart. However, the streams highlighted in the 
stream network analysis are presently seasonal quebradas, and may have been in the past 
as indicated by the snail shells recovered in Op. 115A. The closest known perennial 
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stream is near Pacayal, which is almost a kilometer away (Hawken 2007; Klinger 2008). 
Palmarejo was capable of sustaining approximately 50-68 people on medium rations for a 
180-day dry period. Therefore, I suggest that only the elite were being sustained with the 
stored water since hydric soils suggest that the water catchment system was not designed 
to collect for a larger population. If nearby quebradas did not provide water for the 
common people, then a water shortage would cause people to walk some distance away 
for water.  
 
Comparison with Maya Case Studies 
 To compare with the Maya case studies and further understand water management 
at Palmarejo, two other attributes, system design and environmental setting, need to be 
addressed. As discussed in Chapter 2, a large catchment adjacent to the elite suggests 
direct or centralized control of water management. In addition, a convex system, which 
places the elite and the principal catchment at the highest elevation, assures that the elite 
had access to the cleanest water. This system design further supports a centralized, 
despotic control over water. In contrast, a concave system uses the natural grade of the 
landscape to collect water almost like a bowl. The principal catchment is at the bottom of 
the bowl and therefore, the elite do not have access to the cleanest water. Scarborough 
(2003) suggests that water management began as a concave system during the Preclassic 
and then evolved into a convex system by the Late Classic.  
 Palmarejo is situated towards the bottom of the Palmarejo Valley. This position 
suggests that Palmarejo would have a concave water catchment system. However, I argue 
that the landscape could be altered to build up the site. The question would then be, how 
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high is high enough? Is the design of a system categorized based on geographic location 
or built environment? If the latter is true, then Palmarejo could be a convex system if the 
common people were situated at lower elevations, which is the site settlement implied in 
the Palmarejo Valley (Klinger 2008; Wells et al. 2004). But to compare with Maya case 
studies, I suggest that Palmarejo is a concave system based on its geographic location 
within the valley. 
 As for its environmental setting, Palmarejo would suffer the same effects of the 
rainshadow as the Naco Valley (Andrade 1990; Schortman et al. 1991; Messenger 1990). 
This region has a dry season that lasts 180 days. In addition, stream networks suggest that 
the landscape is capable of many streams yet the vast majority of these streams only flow 
seasonally. Therefore, I suggest that Palmarejo is a water-poor site. 
 When compared against the other Maya case studies, Palmarejo provides the least 
amount of water to its population. Table 7.2 displays the water management attributes of 
Palmarejo along with the summarized Maya case studies discussed in Chapter 2. To 
compare Palmarejo with the other sites, the percentage of the population is added below 
the amounts of sustaining capacity. When compared, the Maya polity that provides water 
to the least amount of the population is Kinal, which is situated in a water-poor 
environment. However, as discussed in Chapter 2, only a portion of the site has been 
investigated for water-holding features. Proportionally, Palmarejo is able to sustain at 
least a third or less of its population depending on the allocation based on sustaining 
capacities calculated from the presence of hydric soils. Therefore, I suggest that 
Palmarejo may have attempted to store water but did not invest in these efforts in the 
same manner as the other Maya sites.  
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Table 7.2. Summary of water management attributes of Maya case studies and Palmarejo. 
 
Site Natural 
Water  
Availability 
Centralized/ 
Decentralized 
Convex/ 
Concave 
Population Sustaining 
Capacity 
(7 Lpcd) 
Sustaining 
Capacity 
(15 Lpcd) 
Tikal Arid; water-
poor 
Centralized Convex 60,000 1,755,953 
(~2900%) 
819,445 
(~1350%) 
Kinal Arid; water-
poor 
Decentralized Convex 12,000 4,790 
(~40%) 
2,224 
(~19%) 
Copán Water-rich Decentralized Concave 22,500 17,624 
(~78%) 
8,226 
(~37%) 
Chowan 
But’o’ob 
Water-rich Decentralized Concave 1,000 1,809 
(~180%) 
845 
(~85%) 
Palmarejo Water-poor Centralized Concave 249 146* 
(~59%) 
68* 
(~27%) 
*Sustaining capacity for the Late Classic for a 180-day dry period 
 
Summary 
 Palmarejo had the four components of a water catchment system but only three, a 
catchment, grading, and a possible weir, were connected to create a system. Canals or 
quebradas were not utilized to direct water into the catchment in order to collect the 
maximum amount of water. In addition, the catchment was not lined or modified to 
increase its water-holding and storing capacity but instead the catchment may have 
developed naturally over time. The spatial relationships between the catchment and elite 
structures suggest a centralized water management system yet the lack of connectivity of 
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the water-related features may suggest water management more closely related to 
community-level control. In the case of Palmarejo, the community may have been limited 
to the civic-ceremonial center and nearby elites. This control may have been reinforced 
with the imagery of this spatial relationship where elite structures, which may have 
religious significance, are aligned with the depression and thus may suggest rights over 
the water resource. Finally, Palmarejo was capable of sustaining at least a third of its 
population during a long dry season despite minimum efforts in the engineering of the 
water catchment system. When compared against the Maya case studies, Palmarejo had 
the potential to sustain populations almost to the same capacity as Kinal. 
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Chapter 8  
Conclusion 
 
 To explore if Late Classic Palmarejo had water management and how it was 
organized required a multi-disciplinary, holistic approach that considers different facets 
of information. For this research, I utilized techniques used in archaeology, soil science, 
environmental science, and geography combined with ethnographic research to identify 
and interpret evidence of physical components to water management. The goal of this 
study was to understand the social and political organization of water management at a 
smaller non-Maya site, because most previous research focused on large Maya sites. 
 Social-political economy has always been the focus in studying water 
management, beginning with Karl Marx (1970[1846]). Socio-political economy is 
summarized as the elite’s control and profit from the labor of the common people, while 
social implications are viewed in terms of stratification of the classes. One way class 
status is represented in the archaeological record is by what goods a person has. At 
Palmarejo, I demonstrated that water management may have been present and control 
may have been structured like community-level water management. That community 
may have been limited to the elite since Palmarejo did not have enough water for 
everyone. Therefore, I suggest that only the elite enjoyed the water that was within such 
close proximity, while the common people may have walked more than 500 meters to 
access a perennial stream or nearby spring.  
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 As the largest “community capital” in the Palmarejo Valley, the imagery of water 
management may have been worth more than its functionality. I suggest that the elite did 
not invest in the functionality of water management since the depression does not show 
signs of improvements (i.e., lining with plaster) and the quebrada may not have been re-
directed to flow into the depression, yet its spatial association with elite structures may 
reflect another use. As demonstrated by Chapman (1985), water has a life of its own and 
could hold its own agency in the eyes of inhabitants. The elites may have gained control 
and respect from the common people by demonstrating control over this agent. This may 
explain the alignment of possibly religious structures with the depression. In addition, 
previous archaeological research (Davis-Salazar et al. 2005; Wells et al. 2004) suggests 
that Palmarejo interacted with Maya polities such as Copán. To negotiate social, political 
and economic interaction, Palmarejo may have attempted to adopt water management 
techniques in order to exhibit dominance in the valley and not for the sake of providing 
for its people. 
 Further research is necessary to understand the social and political implications of 
water management at Palmarejo since this research into non-Maya sites has not been 
attempted before. Although enough is understood about the topography and soils of 
Palmarejo, there is a lack of information about the population and imagery, especially 
imagery connected to water ritual or water management. Furthermore, if environmental 
stresses during the Late Classic caused settlement shifts to the few remaining perennial 
streams in response to lower precipitation, as suggested by Schortman et al. (1991), then 
this can be tested at Palmarejo, which may have attempted to store water, while the rest 
of the Palmarejo Valley may have continued to rely on streams. As with the lowland 
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Maya, the elite at Palmarejo may have controlled easily accessible water; while the 
common people relied on quebradas in the same way that the common lowland Maya 
relied on bajos for water. If this form of water management was in place, then this may 
suggest greater implications for power relations within the valley. 
 
Future Research 
 GIS and soil analyses are not consistently used in water management research. I 
demonstrated in this study how topography should not be solely relied upon for 
identifying water-collecting features but rather enhanced with soil analyses, 
archaeological excavations, and hydrologic and spatial models created in GIS. Using this 
multi-disciplinary approach, I make further recommendations to investigate water 
management at Palmarejo. 
 First, water catchment features need further study. The soil samples collected 
from the auger probe suggested a smaller water-holding catchment. I would recommend 
further excavation of the depression to understand the deposition of the soils below the 
1.8 mbs depth in order to confirm the concentration of hydric soils at the catchment, and 
possibly recover evidence of water-related ritual. I would recommend excavations near 
the civic-ceremonial center for evidence of ritual, and close to the weir feature to 
investigate if water overflowed this feature. Furthermore, I would investigate areas to the 
south side of the depression where a quebrada may have been re-directed to flow into the 
depression. In addition, I would consider alternative forms of collecting water, such as 
chultunes, as well as alternative forms of water management, such as lagoons away from 
sites or control over the “headwaters” of quebradas.  
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 Second, the spatial relationship of structures to water catchment features has to be 
better understood. This begins with investigating the function of Structures 20 and 29 as 
well as the other structures that were constructed along the northern and western 
perimeter of the depression. This investigation may reinforce the spatial imagery that 
may be connected to water management. In addition, topographic points have to be 
collected past the immediate site in order to understand how the landscape may have 
affected water quality for the common people. For example, Lincoln (2007) investigated 
a depression at the site of Mango that is approximately a kilometer away and at a lower 
elevation than Palmarejo. This depression may have been constructed in response to 
reduced water quantity as well as water quality. 
 Finally, I recommend exploring the water-related imagery on ceramics for the 
Naco and Palmarejo Valleys. The imagery may provide an ancient but local perspective 
of water. While my research was able to provide some answers, even more questions 
remain. My recommendations may require a lifetime of work but I consider this site 
worth the effort. 
 
Applied Archaeology 
 As mentioned earlier, the people living in the Palmarejo Valley had little to no 
water for a longer period of time than the lowland Maya. Yet, the valley is scattered with 
several sites ranging in size, which may attribute to their survival in this arid 
environment. How past inhabitants of the Palmarejo Valley reacted to environmental 
stresses, such as depleted water, may help address present issues in resource management 
and allocation. However, applying archaeological research to resolve current issues 
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requires both a multi-disciplinary and collaborative (both top-down and bottom-up) 
approach that considers both the positive and negative impacts on the present community 
(Erickson 2003). One example of applied archaeology that considers all these concerns is 
the rehabilitation of raised field agriculture in Bolivia and Peru (Erickson 2003).  
 To understand if raised field agriculture was a more efficient form of farming in 
high altitudes, Erickson (2003) rebuilt the raised fields based on archaeological and 
agronomic research. Its success prompted Erickson and his colleagues to apply the 
research into a grassroots project designed to rehabilitate the use of raised field 
agriculture. Over time, government agencies and nongovernment organizations (NGOs) 
joined in the rehabilitation efforts. One result of these collaborations was educational 
material that was created not only for the farmer but for public school curricula to further 
promote the reintroduction of indigenous farming techniques. However, all these efforts 
did not guarantee sustainable use of this technology.  
 Erickson (2003:190) explains that “the social and cultural side of raised field 
agriculture is understood less than the technology.” One has to consider that “the social, 
political, and economic environment today is different from that when the raised fields 
were first constructed and used” (Ibid.). Erickson observed how people from different 
areas interpreted the function of the technology. In its simplest form, the technology was 
supposed to alleviate the poverty by allowing people to farm in harsh environments, yet 
what Erickson observed was a complex negotiation of socio-political capital due to this 
technology. One thing that Erickson does not seem critical about is the ethics behind 
applied archaeology. Even with the best of intentions, by applying his experimental 
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archaeology he in turn was experimenting on the people and culture that were applying 
his research. 
 With all these considerations, I cautiously suggest how my research could be 
applied to resolve issues in water quality and quantity that are facing the people of 
Palmarejo today. Preliminary studies in the Palmarejo Valley revealed community 
concerns on the impact of deforestation and the cattle industry on their drinking water 
quality and quantity (Bahamondes and Davis-Salazar 2007). Present day communities 
rely on springs that are routed to storage tanks and then the water is piped to households. 
Storage tanks are usually in higher elevations so that water can be gravity-fed to 
households. Like in the past, the cleanest water comes from the spring storage tanks at 
the highest elevations since they are protected by forest, whereas storage tanks whose 
adjoining land has cattle may be compromised. Land for cattle is cleared of trees causing 
erosion in this hilly region. In addition, water pipes laid on the ground are broken by 
cattle. The results are E. coli introduced into the drinking water causing illness. Water 
quantity in this area is mainly affected by management techniques. The system in place 
now is not efficient and not everyone is being serviced. 
 Large lowland Maya populations may have tackled similar problems. As 
demonstrated in Copán (Davis-Salazar 2001, 2003) and Chawak But’o’ob (Walling et al. 
2005; Walling et al. 2006; Walling et al. 2007), water management was used for erosion 
control during heavy rains. This may suggest a certain level of deforestation at higher 
elevations due to expanding populations. Further investigations in Palmarejo’s ancient 
water management may reveal similar erosion controls at higher elevations. As for the 
present community, they could use lowland Maya techniques to improve water quality. 
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Berms and lagoons at higher elevations could be used to reduce erosion that could 
improve drinking water. In addition, implementing this technology requires mostly labor 
cost and not materials, which is more feasible in the valley. 
 To alleviate problems with water quantity, I hesitate to suggest that water-
retaining reservoirs should be used to collect and store water for drinking or anything else 
without further study. Today, engineers design stormwater retention ponds to include 
vegetation as a natural filtering mechanism (Wolverton and Wolverton 2001). These 
stormwater retention ponds are designed to control erosion and, if necessary, collect 
water. Reservoirs that include vegetation management could be used to provide water for 
other activities, such as laundry. Reservoirs could also provide food and income if used in 
the ever growing tilapia fish industry. Of course, several social and political issues 
involving land tenure and communal organization would have to be considered before 
attempting such a project. For example, some of the things that have to be negotiated are 
whose land will the reservoirs be built on, who will take care of the reservoirs, and how 
will they care for them. The community that needs the water may not have rights to the 
necessary land since topography has to be considered. 
 Erickson (2003) observed that family-level implementation of raised field 
agriculture has a greater success than communal efforts. Promotion of the rehabilitation 
of raised fields, which began as a grassroots effort, shifted to a top down approach whose 
policies pushed for communal agriculture. Palmarejo may have a similar case. Juntas de 
agua (water councils) in the Palmarejo Valley cannot afford to provide water to all its 
residences despite support by government agencies and NGOs (Bahamondes and Davis-
Salazar 2007). Water management at Palmarejo may have to shift to a grassroots 
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approach that empowers individuals to make productive changes in water management. 
For example, dependence on government agencies and NGOs may be part of the 
problem. The council may expect government or NGOs to intervene in matters that could 
be resolved locally, such as creating agreements with cattle-rearing landowners to build 
berms on their property to reduce erosion and prevent water from getting contaminated. 
 Of course, I am proposing these solutions with the limited available ethnographic 
research by Bahamondes and Davis-Salazar (2007). Applied anthropological solutions 
could be achieved with the aid of ethnographic research conducted by cultural 
anthropologists and considering how past people may have managed the same problems. 
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Table A.1. Catalog of artifacts recovered from Operations 114A and 115A. 
 
Op Lot Depth (mbs) Material Type Category Quantity Weight (g) 
114A 0 0 - 0.1 shell jute not modified 1 1 
114A 1 0.1 - 0.2 pottery pottery sherds 17 106.7 
114A 1 0.1 - 0.2 bone non-human tooth 1 0.2 
114A 1 0.1 - 0.2 lithics chert flake 1 0.1 
114A 1 0.1 - 0.2 shell jute not modified 17 38.8 
114A 1 0.1 - 0.2 shell caracol not modified 5 1.1 
114A 2 0.2 - 0.4 pottery pottery sherds 6 24.3 
114A 2 0.2 - 0.4 pottery pottery incensario 1 6.2 
114A 2 0.2 - 0.4 shell jute not modified 28 117 
114A 2 0.2 - 0.4 shell caracol not modified 17 6.5 
114A 2 0.2 - 0.4 pottery pottery sherds 3 13.1 
114A 2 0.2 - 0.4 earth daub fragment 1 2.8 
114A 2 0.2 - 0.4 shell jute not modified 5 11.8 
114A 2 0.2 - 0.4 shell caracol not modified 3 2.6 
114A 3 0.4 - 0.6 mineral quartz fragment 1 56.5 
114A 3 0.4 - 0.6 pottery pottery sherds 262 1268.2 
114A 3 0.4 - 0.6 shell jute not modified 55 112 
114A 3 0.4 - 0.6 shell caracol not modified 33 21.1 
114A 3 0.4 - 0.6 earth daub fragment 1 2 
114A 3 0.4 - 0.6 lithics obsidian fragment 1 0.6 
114A 3 0.4 - 0.6 lithics 
hydrated 
obsidian fragment 1 0.8 
114A 4 0.6 - 0.8 pottery pottery sherds 127 424.5 
114A 4 0.6 - 0.8 pottery pottery incensario 3 5 
114A 4 0.6 - 0.8 earth daub fragment 1 2.7 
114A 4 0.6 - 0.8 lithics 
hydrated 
obsidian fragment 1 1.5 
114A 4 0.6 - 0.8 shell jute not modified 123 214 
114A 4 0.6 - 0.8 shell caracol not modified 4 3.8 
114A 5 clean-up pottery pottery sherds 1 11.5 
114A 6 0.8 - 1.0 pottery pottery sherds 14 50.9 
114A 6 0.8 - 1.0 lithics chert fragment 1 1.3 
114A 6 0.8 - 1.0 shell jute not modified 12 20.8 
114A 6 0.8 - 1.0 shell caracol not modified 37 21.3 
114A 6 0.8 - 1.0 pottery pottery sherds 43 259.5 
114A 6 0.8 - 1.0 shell jute not modified 19 81.5 
114A 6 0.8 - 1.0 shell caracol not modified 12 11.3 
114A 7 1.0 - 1.2 pottery earspool fragment 1 0.3 
114A 7 1.0 - 1.2 pottery pottery sherds 46 190.4 
114A 7 1.0 - 1.2 shell jute not modified 30 68.6 
114A 7 1.0 - 1.2 shell caracol not modified 38 32.6 
114A 7 1.0 - 1.2 lithics chert flake 1 0.6 
114A 7 1.0 - 1.2 lithics obsidian flake 3 0.9 
114A 7 1.0 - 1.2 lithics obsidian blade 1 0.4 
114A 7 1.0 - 1.2 pottery pottery sherds 7 6.2 
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Op Lot Depth (mbs) Material Type Category Quantity Weight (g) 
114A 7 1.0 - 1.2 lithics 
hydrated 
obsidian fragment 1 0.8 
114A 7 1.0 - 1.2 shell jute not modified 6 9.6 
114A 7 1.0 - 1.2 shell caracol not modified 10 7.6 
114A 7 1.0 - 1.2 pottery pottery sherds 1 43.9 
114A 8 clean-up pottery pottery sherds 4 10 
114A 8 clean-up shell jute not modified 5 10.5 
114A 8 clean-up shell caracol not modified 10 11.1 
114A 8 clean-up shell 
marine 
caracol not modified 1 0.1 
114A 9 1.15 - 1.2 shell caracol not modified 4 5.5 
114A 10 1.2 - 1.3 carbon other other 1 4.9 
114A 10 1.2 - 1.3 pottery pottery sherds 9 22.9 
114A 10 1.2 - 1.3 shell jute not modified 1 3.2 
114A 10 1.2 - 1.3 shell caracol not modified 6 8.3 
114A 11 1.2 - 1.4 carbon other other 1 18.7 
114A 11 1.2 - 1.4 lithics chert fragment 1 39.1 
114A 11 1.2 - 1.4 pottery pottery sherds 54 348.2 
114A 11 1.2 - 1.4 earth daub fragment 1 2.9 
114A 11 1.2 - 1.4 lithics chert fragment 3 8.7 
114A 11 1.2 - 1.4 lithics 
hydrated 
obsidian fragment 1 0.6 
114A 11 1.2 - 1.4 carbon obsidian fragment 1 0.8 
114A 11 1.2 - 1.4 mineral quartz fragment 1 29 
114A 11 1.2 - 1.4 shell jute not modified 12 14.6 
114A 11 1.2 - 1.4 shell caracol not modified 9 4.6 
114A 12 1.4 - 1.6 carbon other other 1 4 
114A 12 1.4 - 1.6 pottery pottery sherds 17 42.2 
114A 12 1.4 - 1.6 shell jute not modified 3 4.7 
114A 12 1.4 - 1.6 lithics 
hydrated 
obsidian fragment 1 0.3 
114A 12 1.4 - 1.6 lithics chert fragment 1 1 
114A 12 1.4 - 1.6 pottery pottery sherds 41 230.8 
114A 12 1.4 - 1.6 lithics chert fragment 1 27.3 
114A 12 1.4 - 1.6 lithics 
hydrated 
obsidian fragment 5 2 
114A 12 1.4 - 1.6 shell jute not modified 11 20.2 
114A 12 1.4 - 1.6 shell caracol not modified 1 1.8 
114A 13 1.2 - 1.6 carbon other other 1 5.7 
114A 13 1.2 - 1.6 mineral quartz fragment 1 168.2 
114A 13 1.2 - 1.6 pottery pottery sherds 50 364.8 
114A 13 1.2 - 1.6 lithics obsidian fragment 2 1.3 
114A 13 1.2 - 1.6 earth daub fragment 5 17.4 
114A 13 1.2 - 1.6 lithics chert fragment 1 60.8 
114A 13 1.2 - 1.6 shell jute not modified 10 13.9 
114A 14 1.6 - 1.8 mineral pigment fragment 1 15.1 
114A 14 1.6 - 1.8 mineral pigment fragment 1 0.1 
114A 14 1.6 - 1.8 pottery pottery sherds 64 306.6 
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Op Lot Depth (mbs) Material Type Category Quantity Weight (g) 
114A 14 1.6 - 1.8 earth daub fragment 2 13.5 
114A 14 1.6 - 1.8 lithics obsidian fragment 1 0.2 
114A 14 1.6 - 1.8 lithics chert fragment 2 23.3 
114A 14 1.6 - 1.8 shell jute not modified 14 30 
114A 14 1.6 - 1.8 shell marine shell not modified 1 0.1 
114A 15 clean-up pottery pottery sherds 3 20.4 
114A 15 clean-up shell jute not modified 1 1.3 
114A 16 clean-up pottery pottery sherds 4 25.6 
114A 17 clean-up pottery pottery sherds 1 7.7 
114A 17 clean-up shell jute not modified 4 11.4 
114A 17 clean-up shell caracol not modified 2 1 
114A 18 clean-up pottery pottery sherds 5 28.5 
115A 0 0 - 0.1 pottery pottery sherds 1 3.2 
115A 0 0 - 0.1 shell jute not modified 12 19.6 
115A 0 0 - 0.1 shell caracol not modified 4 1.4 
115A 1 0.1 - 0.2 shell jute not modified 62 134.7 
115A 1 0.1 - 0.2 shell caracol not modified 11 8.1 
115A 2 0.2 - 0.3 shell jute not modified 89 180.7 
115A 2 0.2 - 0.3 shell caracol not modified 23 14.6 
115A 3 0.3 - 0.4 shell jute not modified 16 25.5 
115A 3 0.3 - 0.4 shell caracol not modified 26 16.2 
115A 4 0.4 - 0.5 pottery pottery sherds 1 8.4 
115A 4 0.4 - 0.5 shell jute not modified 25 56.1 
115A 4 0.4 - 0.5 shell caracol not modified 6 2.3 
115A 5 0.5 - 0.6 shell jute not modified 14 47.8 
115A 5 0.5 - 0.6 shell caracol not modified 2 1.1 
115A 5 0.5 - 0.6 carbon other other 1 0.9 
115A 7 0 - 0.1 shell jute not modified 16 18 
115A 7 0 - 0.1 shell caracol not modified 1 0.2 
115A 8 0.1 - 0.2 pottery pottery sherds 1 6.2 
115A 8 0.1 - 0.2 shell jute not modified 133 221.9 
115A 8 0.1 - 0.2 shell caracol not modified 53 27.7 
115A 9 0.2 - 0.3 shell jute not modified 103 215.4 
115A 9 0.2 - 0.3 shell caracol not modified 47 27.5 
115A 9 0.2 - 0.3 pottery pottery sherds 1 2.1 
115A 10 0.3 - 0.4 shell jute not modified 13 16.5 
115A 10 0.3 - 0.4 shell caracol not modified 36 18.8 
115A 10 0.3 - 0.4 bone non-human not modified 1 2.3 
115A 11 0.4 - 0.6 pottery pottery sherds 1 6.3 
115A 11 0.4 - 0.6 shell jute not modified 35 52.2 
115A 11 0.4 - 0.6 shell caracol not modified 5 3.9 
115A 12 clean-up shell jute not modified 33 48.7 
115A 12 clean-up shell caracol not modified 18 8.9 
115A 13 0 - 0.2 shell jute not modified 250 476.1 
115A 13 0 - 0.2 shell caracol not modified 35 14.2 
115A 14 0 - 0.2 shell jute not modified 143 278.6 
115A 14 0 - 0.2 shell caracol not modified 60 42.4 
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Op Lot Depth (mbs) Material Type Category Quantity Weight (g) 
115A 14 0 - 0.2 bone non-human not modified 1 2.8 
115A 15 0.2 - 0.4 shell jute not modified 147 236 
115A 15 0.2 - 0.4 shell caracol not modified 31 20.2 
115A 16 0.2 - 0.4 shell jute not modified 35 59.6 
115A 16 0.2 - 0.4 shell caracol not modified 23 15.1 
115A 17 0.4 - 0.5 shell jute not modified 66 128.1 
115A 17 0.4 - 0.5 shell caracol not modified 6 5.2 
115A 17 0.4 - 0.5 carbon other other 1 1.2 
115A 18 0.4 - 0.5 shell jute not modified 17 41.6 
115A 18 0.4 - 0.5 shell caracol not modified 4 3.1 
115A 19 0.5 - 0.6 shell jute not modified 15 49.2 
115A 19 0.5 - 0.6 shell caracol not modified 1 1.4 
115A 20 clean-up shell jute not modified 23 37.6 
115A 20 clean-up shell caracol not modified 8 2 
115A 21 clean-up shell jute not modified 26 75 
115A 21 clean-up shell caracol not modified 5 4.5 
115A 22 0 - 0.2 shell jute not modified 82 114.7 
115A 22 0 - 0.2 shell caracol not modified 48 39.2 
115A 23 0 - 0.2 pottery pottery sherds 1 14.8 
115A 23 0 - 0.2 shell jute not modified 160 272.9 
115A 23 0 - 0.2 shell caracol not modified 90 31.3 
115A 24 0.2 - 0.4 shell jute not modified 5 6.8 
115A 24 0.2 - 0.4 shell caracol not modified 10 6.5 
115A 25 0.2 - 0.4 shell jute not modified 16 11.5 
115A 25 0.2 - 0.4 shell caracol not modified 38 15.1 
115A 26 0.4 - 0.5 shell jute not modified 4 8.6 
115A 26 0.4 - 0.5 shell caracol not modified 2 2.3 
115A 27 0.4 - 0.6 shell jute not modified 24 34.3 
115A 27 0.4 - 0.6 shell caracol not modified 10 5.2 
115A 28 clean-up shell jute not modified 11 11.8 
115A 28 clean-up shell caracol not modified 13 5.9 
115A 28 clean-up bone non-human not modified 1 0.3 
115A 29 clean-up shell jute not modified 41 67.9 
115A 29 clean-up shell caracol not modified 6 3.4 
115A 29 clean-up mineral other other 1 2.6 
115A 30 0 - 0.2 shell jute not modified 70 129.3 
115A 30 0 - 0.2 shell caracol not modified 38 19.1 
115A 31 0 - 0.2 shell jute not modified 90 203.4 
115A 31 0 - 0.2 shell caracol not modified 60 43.1 
115A 31 0 - 0.2 bone non-human not modified 1 1 
115A 32 0.2 - 0.4 shell jute not modified 103 213.4 
115A 32 0.2 - 0.4 shell caracol not modified 76 42.8 
115A 33 0.2 - 0.4 shell jute not modified 40 80.9 
115A 33 0.2 - 0.4 shell caracol not modified 64 41.3 
115A 34 0.4 - 0.6 shell jute not modified 10 16.9 
115A 34 0.4 - 0.6 shell caracol not modified 16 12.1 
115A 34 0.4 - 0.6 carbon other other 1 1.4 
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Op Lot Depth (mbs) Material Type Category Quantity Weight (g) 
115A 35 0.4 - 0.5 shell jute not modified 5 16 
115A 35 0.4 - 0.5 shell caracol not modified 7 6 
115A 36 0 - 0.2 shell jute not modified 66 104.7 
115A 36 0 - 0.2 shell caracol not modified 22 18.4 
115A 37 0.6 - 0.8 shell jute not modified 6 23.9 
115A 37 0.6 - 0.8 carbon other other 1 1.8 
115A 38 0.2 - 0.4 shell jute not modified 79 128.6 
115A 38 0.2 - 0.4 shell caracol not modified 52 50.9 
115A 38 0.2 - 0.4 carbon other other 1 3.8 
115A 39 0.8 - 1.0 shell jute not modified 1 5.9 
115A 40 0.4 - 0.6 shell jute not modified 7 5.7 
115A 40 0.4 - 0.6 shell caracol not modified 38 27.1 
115A 41 0.6 - 0.8 shell jute not modified 15 23.9 
115A 41 0.6 - 0.8 shell caracol not modified 33 21.8 
115A 42 0.5 - 0.7 shell jute not modified 31 84 
115A 42 0.5 - 0.7 shell caracol not modified 13 7.3 
115A 43 1.0 - 1.2 shell jute not modified 11 24.1 
115A 44 0.8 - 1.1 shell jute not modified 27 54.2 
115A 45 1.2 - 1.4 shell jute not modified 18 32.6 
115A 46 0 - 0.2 shell jute not modified 22 30.7 
115A 46 0 - 0.2 shell caracol not modified 13 6.6 
115A 47 0.2 - 0.4 shell jute not modified 51 63.5 
115A 47 0.2 - 0.4 shell caracol not modified 65 56.6 
115A 48 0.4 - 0.6 shell jute not modified 3 7.6 
115A 48 0.4 - 0.6 shell caracol not modified 25 13.8 
115A 49 1.1 - 1.3 shell jute not modified 7 9.2 
115A 49 1.1 - 1.3 shell caracol not modified 5 3.2 
115A 50 1.3 - 1.5 shell jute not modified 7 13.6 
115A 51 0 - 0.2 shell jute not modified 2 10.9 
115A 51 0 - 0.2 shell caracol not modified 30 25 
115A 51 0 - 0.2 earth daub fragment 1 1.2 
115A 52 0.2 - 0.4 lithics chert tool 1 222.8 
115A 52 0.2 - 0.4 earth daub fragment 3 41.3 
115A 52 0.2 - 0.4 pottery pottery sherds 1 3.7 
115A 52 0.2 - 0.4 shell jute not modified 9 20.9 
115A 52 0.2 - 0.4 shell caracol not modified 60 53.1 
115A 52 0.2 - 0.4 carbon other other 1 0.9 
115A 53 0.4 - 0.6 pottery pottery sherds 3 7.2 
115A 53 0.4 - 0.6 earth daub fragment 1 3.3 
115A 53 0.4 - 0.6 mineral quartz fragment 1 10.7 
115A 53 0.4 - 0.6 shell jute not modified 2 4.1 
115A 53 0.4 - 0.6 shell caracol not modified 57 32 
115A 53 0.4 - 0.6 carbon other other 1 0.7 
115A 54 0 - 0.2 pottery pottery sherds 3 11.7 
115A 54 0 - 0.2 shell jute not modified 3 4.7 
115A 54 0 - 0.2 shell caracol not modified 19 8.1 
115A 54 0 - 0.2 carbon other other 1 14.6 
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Op Lot Depth (mbs) Material Type Category Quantity Weight (g) 
115A 55 0.2 - 0.4 pottery pottery sherds 4 8.7 
115A 55 0.2 - 0.4 earth daub fragment 1 1.8 
115A 55 0.2 - 0.4 shell jute not modified 1 0.3 
115A 55 0.2 - 0.4 shell caracol not modified 30 11.6 
115A 55 0.2 - 0.4 carbon other other 1 6.2 
115A 56 0.6 - 0.8 pottery pottery sherds 5 21 
115A 56 0.6 - 0.8 earth daub fragment 3 8.4 
115A 56 0.6 - 0.8 shell jute not modified 3 3.2 
115A 56 0.6 - 0.8 shell caracol not modified 5 2.8 
115A 56 0.6 - 0.8 lithics 
hydrated 
obsidian flake 1 0.5 
115A 56 0.6 - 0.8 mineral quartz fragment 1 262.3 
115A 56 0.6 - 0.8 carbon other other 1 5.8 
115A 57 0.4 - 0.6 pottery pottery sherds 3 5.8 
115A 57 0.4 - 0.6 earth daub fragment 2 72.2 
115A 57 0.4 - 0.6 lithics 
hydrated 
obsidian fragment 1 2.4 
115A 57 0.4 - 0.6 shell jute not modified 1 0.6 
115A 57 0.4 - 0.6 shell caracol not modified 14 4.8 
115A 57 0.4 - 0.6 carbon other other 2 10.9 
115A 58 0.8 - 1.0 pottery pottery sherds 9 38.4 
115A 58 0.8 - 1.0 earth daub fragment 7 17.4 
115A 58 0.8 - 1.0 shell jute not modified 5 9.1 
115A 58 0.8 - 1.0 shell caracol not modified 1 1.4 
115A 58 0.8 - 1.0 lithics obsidian navaja 1 1 
115A 58 0.8 - 1.0 carbon other other 3 31.2 
115A 59 clean-up earth daub fragment 2 26.8 
115A 59 clean-up shell jute not modified 5 12.4 
115A 59 clean-up shell caracol not modified 6 5.3 
115A 59 clean-up carbon other other 4 38.5 
115A 60 clean-up pottery pottery sherds 3 41 
115A 60 clean-up shell jute not modified 2 1.1 
115A 60 clean-up carbon other other 3 23.5 
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Table B.1. Analysis results for soils collected in Operations 114A, 114B, and 115A as 
well as soils analyzed by Lincoln (2007). 
 
OP 
Number 
Location Horizon Depth (cmbs) Color (Dry) Color 
(Moist) 
114A/1 Unit / East Wall A 0 - 8  10YR 2/1 10YR 2/1 
114A/2 Unit / East Wall B 8 - 28  10YR 2/1 10YR 2/1 
114A/3 Unit / East Wall Bt 28 - 50 10YR 2/2 10YR 2/2 
114A/4 Unit / East Wall Bk 50 - 78  10YR 5/1 10YR 3/2 
114A/5 Unit / East Wall Bg 78 - 98  10YR 4/1 10YR 2/2 
114A/6 Unit / East Wall Bk2 98 - 146  10YR 3/1 10YR 3/2 
114A/7 Unit / East Wall Bt2 146 - 170  10YR 3/2 10YR 3/2 
114A/8 Probe from center of Unit Bt3 170 - 240  2.5Y 3/2 2.5Y 3/2 
114A/9 Probe from center of Unit Btk1 240 - 260  2.5Y 3/2 10YR 2/2 
114A/10 Probe from center of Unit Btk2 260 - 300  2.5Y 3/3 2.5Y 3/2 
114A/11 Probe from center of Unit Bw 300 - 320  10YR 3/3 2.5Y 3/2 
114A/12 Probe from center of Unit Bw/C1 320 - 330  10YR 5/3 10YR 4/3 
114A/13 Probe from center of Unit R1 330 - 390  10YR 5/3 10YR 4/3 
114A/14 Probe from center of Unit R2 390 - 430  10YR 4/3 10YR 4/3 
114A/15 Probe from center of Unit R3 430 - 470  10YR 5/6 10YR 5/6 
      
114B/1 Probe #1 A 10 - 20  10YR 2/2 10YR 2/1 
114B/2 Probe #1 B 20 - 40  10YR 2/1 10YR 2/1 
114B/3 Probe #1 Bt 40 - 50  10YR 3/2 10YR 3/2 
114B/4 Probe #1 Bk 50 - 80  10YR 3/1 10YR 2/2 
114B/5 Probe #1 Bk1 80 - 110  10YR 3/2  10YR 2/2 
114B/6 Probe #1 Bk2 110 - 160  10YR 4/2 10YR 3/1 
114B/7 Probe #1 Bc 160 - 170  10YR 3/2 10YR 2/2 
      
114B/8 Probe #2 A 0 - 15  10YR 2/1 10YR 2/1 
114B/9 Probe #2 B 15 - 40  10YR 2/1 10YR 2/1 
114B/10 Probe #2 Bk 40 - 50  10YR 3/1 10YR 2/1 
114B/11 Probe #2 Bg 50 - 80  10YR 3/1 10YR 2/1 
114B/12 Probe #2 Bk2 80  - 120  10YR 4/1 10YR 3/1 
114B/13 Probe #2 Bk3 120 - 130  10YR 4/2 10YR 3/2 
114B/14 Probe #2 Bk4 130 - 150  10YR 4/2 10YR 3/2 
      
114B/15 Probe #3 A 0 - 10  10YR 2/2 10YR 2/1 
114B/16 Probe #3 B 10 - 60  10YR 2/1 10YR 2/1 
114B/17 Probe #3 Bk 60 - 70  10YR 3/2 10YR 3/1 
      
114B/18 Probe #4 A 0 - 20  10YR 3/1 10YR 2/1 
114B/19 Probe #4 Bt 20 - 60  10YR 3/2 10YR 3/2 
114B/20 Probe #4 Bk 60 - 88  10YR 3/1 10YR 2/1 
      
114B/21 Probe #5 A 0 - 20  10YR 2/1 10YR 2/1 
114B/22 Probe #5 B 20 - 40  10YR 3/1 10YR 2/1 
Appendix B (Continued) 
 
140 
 
OP 
Number 
Location Horizon Depth (cmbs) Color (Dry) Color 
(Moist) 
114B/23 Probe #5 Bt1 40 - 70  10YR 4/2 10YR 3/2 
114B/24 Probe #5 Bt2 70 - 100  10YR 3/1 10YR 3/2 
114B/25 Probe #5 Bk 100 - 120  10YR 4/2 10YR 3/2 
      
114B/26 Probe #6 A 0 - 20 10YR 2/2 10YR 2/1 
114B/27 Probe #6 Btk 20 - 46  10YR 3/1 10YR 2/2 
114B/28 Probe #6 Bc 46 - 54  10YR 4/2 10YR 3/2 
      
114B/29 Probe #7 A 0 - 20  10YR 3/1 10YR 3/1 
114B/30 Probe #7 Bt 20 - 40  10YR 3/2 10YR 2/2 
114B/31 Probe #7 B 40 - 50  10YR 4/3 10YR 4/2 
114B/32 Probe #7 Bk1 50 - 70  10YR 4/2 10YR 3/2 
114B/33 Probe #7 Bk2 70 - 110  10YR 3/2 10YR 2/1 
114B/34 Probe #7 Bk3 110 - 146  10YR 4/2 10YR 3/2 
      
114B/35 Probe #8 A 0 - 10  10YR 3/2 10YR 2/2 
114B/36 Probe #8 B 10 - 30  10YR 3/1 10YR 2/2 
114B/37 Probe #8 Bt 30 - 40  10YR 3/3 10YR 3/3 
114B/38 Probe #8 Bw 40 - 60 10YR 5/3 10YR 3/3 
114B/39 Probe #8 Bk 60 - 100  10YR 5/3 10YR 4/2 
      
114B/40 Probe #9 A 0 - 20  10YR 3/2 10YR 3/1 
114B/41 Probe #9 Bk 20 - 50  10YR 3/4 10YR 3/3 
114B/42 Probe #9 Bw 50 - 63  10YR 4/3 10YR 3/4 
      
114B/43 Probe #10 A 0 - 30  10YR 3/1  10YR 2/1 
114B/44 Probe #10 B 30 - 50  10YR 4/2 10YR 3/2 
114B/45 Probe #10 Bk1 50 - 70 10YR 4/2 10YR 3/2 
114B/46 Probe #10 Bk2 70 - 120  10YR 3/1  10YR 2/1 
114B/47 Probe #10 Bk3 120 - 170  10YR 4/2 10YR 3/2 
      
114B/48 Probe #11 A 0 - 20 10YR 3/1 10YR 2/1 
114B/49 Probe #11 Bt 20 - 30 10YR 3/2 10YR 3/2 
114B/50 Probe #11 Bk1 30 - 70  10YR 4/2 10YR 3/2 
114B/51 Probe #11 Bk2 70 - 100  10YR 4/1 10YR 3/1 
      
114B/52 Probe #12 A 0 - 36  10YR 3/2 10YR 3/1 
114B/53 Probe #12 Bw/R1 36 - 40  10YR 5/3 10YR 4/2 
114B/54 Probe #12 C1 40 - 60  10YR 7/4 10YR 6/4 
114B/55 Probe #12 C2 60 - 100  10YR 7/4 10YR 6/4 
      
115A/1 Unit 9 at Quebrada Bk  10YR 5/3 10YR 4/3 
115A/2 Unit 9 at Quebrada Bw  10YR 5/3 10YR 3/4 
115A/3 Unit 9 at Quebrada 2Bw  10YR 5/4 10YR 3/4 
115A/4 Unit 9 at Quebrada Bc  10YR 5/4 10YR 3/4 
115A/5 Unit 9 at Quebrada Bw  10YR 5/3 10YR 3/3 
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OP 
Number 
Location Horizon Depth (cmbs) Color (Dry) Color 
(Moist) 
115A/6 Unit 9 at Quebrada Bt  10YR 4/2 10YR 3/2 
115A/7 Unit 9 at Quebrada B  10YR 3/2 10YR 2/2 
115A/8 Unit 9 at Quebrada A  10YR 3/2 10YR 2/2 
      
A-1 El Bajo Feature A.P. #1 A  10YR 3/1 10YR 2/1 
A-2 El Bajo Feature A.P. #1 Bt  10YR 4/1 10YR 3/1 
A-3 El Bajo Feature A.P. #1 Bg  10YR 5/1 10YR 3/2 
      
A-4 El Bajo Feature A.P. #2 A  10YR 3/1 10YR 3/1 
A-5 El Bajo Feature A.P. #2 Bt  10YR 5/1 10YR 3/1 
A-6 El Bajo Feature A.P. #2 Bg  10YR 5/1 10YR 3/1 
      
A-7 El Bajo Feature A.P. #3 A  10YR 4/1 10YR 2/1 
A-8 El Bajo Feature A.P. #3 Bt  10YR 3/1 10YR 2/1 
A-9 El Bajo Feature A.P. #3 Bg  10YR 6/2 10YR 4/1 
      
A-10 El Bajo Feature A.P. #4 A  10YR 4/2 10YR 3/2 
A-11 El Bajo Feature A.P. #4 C1  10YR 8/2 10YR 7/3 
A-12 El Bajo Feature A.P. #4 C2  10YR 8/3 10YR 7/4 
      
A-13 Quebrada near the Laguna A.P. 
#1 
A  10YR 3/1 10YR 2/2 
A-14 Quebrada near the Laguna A.P. 
#1 
Bw  10YR 3/2 10YR 3/2 
      
B-1 Palos Blancos Fan/T1 A.P. #1 A  10YR 3/2 10YR 2/2 
B-2 Palos Blancos Fan/T1 A.P. #1 2Bt  10YR 4/3 10YR 3/3 
B-3 Palos Blancos Fan/T1 A.P. #1 2Bw  10YR 4/3 10YR 3/3 
      
B-4 Palmarito Area A.P. #1 A  10YR 3/2 10YR 2/2 
B-5 Palmarito Area A.P. #1 Ab  10YR 4/2 10YR 3/1 
B-6 Palmarito Area A.P. #1 Bw  10YR 5/3 10YR 3/3 
B-7 Palmarito Area A.P. #1 Bk1  10YR 7/2 10YR 6/4 
B-8 Palmarito Area A.P. #1 Bk2  10YR 8/3 10YR 7/3 
      
B-9 El Morro Area Fan/T1 A.P. #2 A  10YR 3/2 10YR 2/2 
B-10 El Morro Area Fan/T1 A.P. #2 A/Btb  10YR 4/2 10YR 3/2 
B-11 El Morro Area Fan/T1 A.P. #2 Bw  10YR 4/3 10YR 3/3 
B-12 El Morro Area Fan/T1 A.P. #2 Bt1  10YR 4/3 10YR 3/4 
      
B-13 El Morro Area Fan/T1 A.P. #1 A  10YR 4/2 10YR 3/2 
      
B-14 El Morro Area Fan/T1 A.P. #3 A  10YR 4/2 10YR 2/1 
B-15 El Morro Area Fan/T1 A.P. #3 Bw/Bt  10YR 5/4 10YR 4/4 
B-16 El Morro Area Fan/T1 A.P. #3 Bt  10YR 5/3 10YR 3/4 
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Table B.1 cont. 
OP Number Organics (%) pH Sand % Silt % Clay % 
114A/1 1.45 7.5 53.34 3.33 43.33 
114A/2 1.03 7.6 66.67 16.67 16.66 
114A/3 0.63 7.6 53.33 1.67 45.00 
114A/4 0.75 7.6 93.33 1.67 5.00 
114A/5 0.79 7.7 96.67 1.67 1.66 
114A/6 0.71 7.7 80.00 3.33 16.67 
114A/7 0.59 7.7 66.67 1.66 31.67 
114A/8 0.33 7.7 66.67 1.66 31.67 
114A/9 0.44 7.7 80.00 3.33 16.67 
114A/10 0.33 7.8 80.00 1.67 18.33 
114A/11 0.42 7.8 83.34 3.33 13.33 
114A/12 0.39 7.8 80.00 10.00 10.00 
114A/13 0.16 7.7 66.67 6.66 26.67 
114A/14 0.20 7.6 80.00 6.67 13.33 
114A/15 0.26 7.6 80.00 3.33 16.67 
      
114B/1 3.74 7.7 80.00 3.33 16.67 
114B/2 1.89 7.8 73.34 3.33 23.33 
114B/3 1.34 7.8 60.00 3.33 36.67 
114B/4 0.66 7.8 86.67 3.33 10.00 
114B/5 0.60 7.8 80.00 3.33 16.67 
114B/6 0.59 7.9 80.00 6.67 13.33 
114B/7 0.48 7.9 80.00 3.33 16.67 
      
114B/8 2.16 7.8 66.67 3.33 30.00 
114B/9 5.89 7.5 66.67 3.33 30.00 
114B/10 2.64 7.5 73.33 5.00 21.67 
114B/11 1.34 7.5 93.34 3.33 3.33 
114B/12 1.06 7.5 93.33 5.00 1.67 
114B/13 1.08 7.6 86.67 3.33 10.00 
114B/14 0.84 7.6 66.67 3.33 30.00 
      
114B/15 3.32 7.4 73.33 16.67 10.00 
114B/16 1.85 7.5 80.00 6.67 13.33 
114B/17 1.27 7.7 80.00 3.33 16.67 
      
114B/18 1.33 7.6 86.67 3.33 10.00 
114B/19 1.43 7.7 66.67 10.00 23.33 
114B/20 1.81 7.7 73.33 10.00 16.67 
      
114B/21 1.63 7.5 86.67 5.00 8.33 
114B/22 1.97 7.6 80.00 3.33 16.67 
114B/23 0.82 7.7 73.34 3.33 23.33 
114B/24 1.87 7.7 86.67 1.67 11.66 
114B/25 0.67 7.3 73.33 10.00 16.67 
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OP Number Organics (%) pH Sand % Silt % Clay % 
      
114B/26 2.36 7.3 50.00 10.00 40.00 
114B/27 1.29 7.4 60.00 10.00 30.00 
114B/28 0.65 7.5 80.00 3.33 16.67 
      
114B/29 1.43 7.6 80.00 3.33 16.67 
114B/30 0.61 7.6 80.00 0.00 20.00 
114B/31 0.81 7.6 93.34 3.33 3.33 
114B/32 0.87 7.6 86.67 10.00 3.33 
114B/33 0.76 7.6 86.67 3.33 10.00 
114B/34 0.84 7.6 93.33 1.67 5.00 
      
114B/35 1.08 7.6 53.33 6.67 40.00 
114B/36 1.64 7.5 66.67 16.67 16.66 
114B/37 0.66 7.6 66.67 13.33 20.00 
114B/38 0.68 7.6 80.00 16.67 3.33 
114B/39 0.62 7.7 80.00 13.33 6.67 
      
114B/40 1.10 7.6 73.33 6.67 20.00 
114B/41 0.57 7.3 73.34 3.33 23.33 
114B/42 0.61 7.3 93.33 5.00 1.67 
      
114B/43 1.22 7.4 66.67 23.33 10.00 
114B/44 1.13 7.5 93.33 5.00 1.67 
114B/45 0.83 7.4 86.67 6.67 6.66 
114B/46 0.75 7.5 73.33 10.00 16.67 
114B/47 0.53 7.5 80.00 6.67 13.33 
      
114B/48 1.21 7.4 73.34 3.33 23.33 
114B/49 0.96 7.5 60.00 3.33 36.67 
114B/50 0.64 7.5 70.00 13.33 16.67 
114B/51 0.96 7.6 93.34 3.33 3.33 
      
114B/52 1.47 7.5 60.00 16.67 23.33 
114B/53 0.70 7.4 63.33 16.67 20.00 
114B/54 0.36 7.5 53.33 20.00 26.67 
114B/55 0.31 7.5 40.00 20.00 40.00 
      
115A/1 0.64 7.7 80.00 13.33 6.67 
115A/2 0.49 7.7 80.00 13.33 6.67 
115A/3 0.52 7.7 66.67 23.33 10.00 
115A/4 0.37 7.6 86.67 6.67 6.67 
115A/5 0.50 7.7 80.00 8.33 11.67 
115A/6 0.99 7.8 86.67 3.33 10.00 
115A/7 1.07 7.7 80.00 1.67 18.33 
115A/8 2.05 7.6 93.34 3.33 3.33 
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OP Number Organics (%) pH Sand % Silt % Clay % 
A-1 2.92 7.4 86.67 10.00 3.33 
A-2 1.48 7.4 93.34 3.33 3.33 
A-3 0.60 7.4 66.67 20.00 13.33 
      
A-4 1.82 7.4 93.34 3.33 3.33 
A-5 0.82 7.5 66.67 16.67 16.66 
A-6 0.71 7.5 73.33 10.00 16.67 
      
A-7 2.11 7.4 93.33 6.67 0.00 
A-8 1.35 7.5 86.67 13.33 0.00 
A-9 0.53 7.5 83.34 13.33 3.33 
      
A-10 1.40 7.6 96.67 3.33 0.00 
A-11 0.23 7.6 53.33 6.67 40.00 
A-12 0.40 7.7 53.33 10.00 36.67 
      
A-13 2.16 7.3 93.34 3.33 3.33 
A-14 2.27 7.3 93.33 1.67 5.00 
      
B-1 1.31 6.9 86.67 6.67 6.66 
B-2 0.77 7.0 86.67 10.00 3.33 
B-3 0.71 6.9 66.67 23.33 10.00 
      
B-4 1.42 7.5 83.34 13.33 3.33 
B-5 0.79 7.6 83.34 13.33 3.33 
B-6 0.47 7.8 80.00 10.00 10.00 
B-7 0.60 7.6 70.00 26.67 3.33 
B-8 0.38 7.4 63.33 30.00 6.67 
      
B-9 1.41 6.7 66.67 33.33 0.00 
B-10 1.16 6.7 90.00 6.67 3.33 
B-11 1.26 6.6 83.34 13.33 3.33 
B-12 0.79 6.6 66.67 20.00 13.33 
      
B-13 1.33 6.8 86.67 10.00 3.33 
      
B-14 1.57 6.5 90.00 6.67 3.33 
B-15 0.98 6.8 66.67 10.00 23.33 
B-16 0.82 7.1 66.67 10.00 23.33 
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Table B.1 cont. 
OP Number P (ppm) P205 (ppm) P04 (ppm) K (ppm) 
114A/1 301.75 688.50 918.00 60 
114A/2 136.00 314.50 420.75 52 
114A/3 123.25 276.25 374.00 46 
114A/4 110.50 250.75 331.50 49 
114A/5 297.50 680.00 935.00 49 
114A/6 119.00 276.25 369.75 49 
114A/7 195.50 450.50 603.50 44 
114A/8 97.75 225.25 301.75 40 
114A/9 93.50 216.75 289.00 49 
114A/10 93.50 212.50 284.75 46 
114A/11 97.75 221.00 297.50 46 
114A/12 110.50 255.00 340.00 46 
114A/13 127.50 289.00 386.75 48 
114A/14 165.75 382.50 514.25 44 
114A/15 140.25 318.75 429.25 48 
     
114B/1 425.00 935.00 1275.00 59 
114B/2 280.50 646.00 867.00 47 
114B/3 212.50 488.75 650.25 49 
114B/4 182.75 420.75 565.25 51 
114B/5 212.50 484.50 646.00 52 
114B/6 195.50 446.25 595.00 46 
114B/7 242.25 552.50 735.25 44 
     
114B/8 382.50 935.00 1232.50 51 
114B/9 212.50 493.00 658.75 63 
114B/10 310.25 709.75 952.00 70 
114B/11 182.75 420.75 561.00 75 
114B/12 327.25 748.00 998.75 59 
114B/13 212.50 488.75 654.50 53 
114B/14 127.50 293.25 391.00 54 
     
114B/15 335.75 769.25 1028.50 52 
114B/16 153.00 352.75 476.00 48 
114B/17 297.50 637.50 850.00 57 
     
114B/18 272.00 624.75 837.25 55 
114B/19 212.50 467.50 595.00 59 
114B/20 340.00 777.75 1041.25 58 
     
114B/21 106.25 242.25 323.00 47 
114B/22 250.75 578.00 773.50 49 
114B/23 365.50 841.50 1126.25 51 
114B/24 323.00 739.50 990.25 48 
114B/25 127.50 297.50 382.50 56 
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OP Number P (ppm) P205 (ppm) P04 (ppm) K (ppm) 
     
114B/26 127.50 297.50 382.50 75 
114B/27 127.50 255.00 340.00 59 
114B/28 361.25 833.00 1113.50 63 
     
114B/29 212.50 488.75 654.50 53 
114B/30 250.75 573.75 765.00 53 
114B/31 289.00 658.75 884.00 54 
114B/32 276.25 633.25 845.75 60 
114B/33 310.25 705.50 947.75 78 
114B/34 365.50 841.50 1126.25 67 
     
114B/35 148.75 340.00 459.00 72 
114B/36 191.25 442.00 590.75 82 
114B/37 212.50 488.75 650.25 63 
114B/38 314.50 718.25 964.75 64 
114B/39 204.00 467.50 629.00 69 
     
114B/40 127.50 289.00 386.75 63 
114B/41 276.25 629.00 841.50 65 
114B/42 340.00 777.75 1041.25 66 
     
114B/43 340.00 765.00 1020.00 100 
114B/44 297.50 722.50 977.50 67 
114B/45 170.00 382.50 552.50 62 
114B/46 289.00 667.25 892.50 58 
114B/47 323.00 735.25 986.00 69 
     
114B/48 34.00 80.75 106.25 54 
114B/49 89.25 204.00 272.00 60 
114B/50 340.00 807.50 1062.50 58 
114B/51 153.00 352.75 476.00 58 
     
114B/52 255.00 595.00 765.00 58 
114B/53 510.00 1147.50 1530.00 56 
114B/54 246.50 565.25 756.50 48 
114B/55 297.50 680.00 935.00 49 
     
115A/1 344.25 786.25 1049.75 60 
115A/2 340.00 807.50 1105.00 56 
115A/3 425.00 977.50 1317.50 46 
115A/4 374.00 854.25 1139.00 49 
115A/5 425.00 977.50 1317.50 50 
115A/6 242.25 552.50 735.25 53 
115A/7 199.75 454.75 612.00 51 
115A/8 267.75 612.00 820.25 58 
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OP Number P (ppm) P205 (ppm) P04 (ppm) K (ppm) 
A-1 297.50 722.50 977.50 90 
A-2 297.50 684.25 918.00 87 
A-3 369.75 850.00 1134.75 72 
     
A-4 272.00 624.75 837.25 70 
A-5 361.25 824.50 1105.00 52 
A-6 85.00 170.00 212.50 55 
     
A-7 42.50 127.50 170.00 85 
A-8 250.75 573.75 769.25 70 
A-9 382.50 871.25 1168.75 60 
     
A-10 255.00 552.50 765.00 84 
A-11 144.50 327.25 437.75 51 
A-12 68.00 161.50 212.50 51 
     
A-13 216.75 497.25 667.25 56 
A-14 148.75 344.25 463.25 49 
     
B-1 272.00 620.50 833.00 95 
B-2 204.00 463.25 620.50 49 
B-3 136.00 314.50 420.75 50 
     
B-4 382.50 935.00 1232.50 88 
B-5 127.50 297.50 425.00 100 
B-6 340.00 722.50 977.50 78 
B-7 42.50 85.00 85.00 100 
B-8 242.25 556.75 748.00 120 
     
B-9 127.50 340.00 467.50 70 
B-10 85.00 212.50 255.00 56 
B-11 212.50 467.50 637.50 59 
B-12 255.00 552.50 722.50 58 
     
B-13 297.50 637.50 892.50 78 
     
B-14 212.50 510.00 680.00 64 
B-15 106.25 246.50 331.50 55 
B-16 250.75 578.00 769.25 54 
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Appendix C  
Figures and Tables of Exploratory Data Analyses 
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Figure C.1. Boxplot of percent of clay from B horizons. 
 
 
Figure C.2. Boxplot of percent of organics from B horizons.  
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Figure C.3. Boxplot of pH levels from B horizons. 
 
 
Figure C.4. Boxplot of ppm of phosphorus from B horizons. 
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Figure C.5. Boxplot of ppm of potassium from B horizons. 
 
Table C.1. ANOVA of the four groups categorized based on EDA results. 
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Table C.2. Scheffe Post Hoc test. 
 
Dependent 
Variable 
(I) 
Group 
(J) 
Group 
Mean 
Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower 
Bound 
Upper 
Bound 
Organics (%) 1 2 .24414 .20441 .700 -.3423 .8306 
3 .42219 .31008 .606 -.4674 1.3118 
4 .47865 .31008 .501 -.4110 1.3683 
2 1 -.24414 .20441 .700 -.8306 .3423 
3 .17805 .32419 .959 -.7521 1.1082 
4 .23451 .32419 .913 -.6956 1.1646 
3 1 -.42219 .31008 .606 -1.3118 .4674 
2 -.17805 .32419 .959 -1.1082 .7521 
4 .05646 .39933 .999 -1.0892 1.2021 
4 1 -.47865 .31008 .501 -1.3683 .4110 
2 -.23451 .32419 .913 -1.1646 .6956 
3 -.05646 .39933 .999 -1.2021 1.0892 
pH 1 2 .10636 .05152 .245 -.0414 .2542 
3 .49143* .07815 .000 .2672 .7156 
4 -.06429 .07815 .878 -.2885 .1599 
2 1 -.10636 .05152 .245 -.2542 .0414 
3 .38506* .08171 .000 .1507 .6195 
4 -.17065 .08171 .235 -.4051 .0638 
3 1 -.49143* .07815 .000 -.7156 -.2672 
2 -.38506* .08171 .000 -.6195 -.1507 
4 -.55571* .10064 .000 -.8445 -.2670 
4 1 .06429 .07815 .878 -.1599 .2885 
2 .17065 .08171 .235 -.0638 .4051 
3 .55571* .10064 .000 .2670 .8445 
Clay % 1 2 3.85895 2.57009 .525 -3.5146 11.2325 
3 9.67161 3.89860 .115 -1.5135 20.8567 
4 6.81161 3.89860 .391 -4.3735 17.9967 
2 1 -3.85895 2.57009 .525 -11.2325 3.5146 
3 5.81266 4.07609 .569 -5.8816 17.5070 
4 2.95266 4.07609 .913 -8.7416 14.6470 
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Dependent 
Variable 
(I) 
Group 
(J) 
Group 
Mean 
Difference 
(I-J) Std. Error Sig. 
95% Confidence Interval 
Lower 
Bound 
Upper 
Bound 
3 1 -9.67161 3.89860 .115 -20.8567 1.5135 
2 -5.81266 4.07609 .569 -17.5070 5.8816 
4 -2.86000 5.02078 .955 -17.2646 11.5446 
4 1 -6.81161 3.89860 .391 -17.9967 4.3735 
2 -2.95266 4.07609 .913 -14.6470 8.7416 
3 2.86000 5.02078 .955 -11.5446 17.2646 
Phosphorus (P) 
ppm 
1 2 -18.73295 12.22462 .508 -53.8053 16.3394 
3 6.94643 18.54366 .986 -46.2552 60.1481 
4 -58.62500* 18.54366 .025 -111.8267 -5.4233 
2 1 18.73295 12.22462 .508 -16.3394 53.8053 
3 25.67938 19.38790 .627 -29.9444 81.3032 
4 -39.89205 19.38790 .247 -95.5158 15.7317 
3 1 -6.94643 18.54366 .986 -60.1481 46.2552 
2 -25.67938 19.38790 .627 -81.3032 29.9444 
4 -65.57143 23.88130 .066 -134.0868 2.9439 
4 1 58.62500* 18.54366 .025 5.4233 111.8267 
2 39.89205 19.38790 .247 -15.7317 95.5158 
3 65.57143 23.88130 .066 -2.9439 134.0868 
Potassium (K) 
ppm 
1 2 -8.31551 3.25481 .099 -17.6535 1.0225 
3 -19.01681* 4.93726 .004 -33.1818 -4.8518 
4 2.26891 4.93726 .976 -11.8961 16.4339 
2 1 8.31551 3.25481 .099 -1.0225 17.6535 
3 -10.70130 5.16203 .241 -25.5111 4.1085 
4 10.58442 5.16203 .250 -4.2254 25.3943 
3 1 19.01681* 4.93726 .004 4.8518 33.1818 
2 10.70130 5.16203 .241 -4.1085 25.5111 
4 21.28571* 6.35840 .015 3.0435 39.5279 
4 1 -2.26891 4.93726 .976 -16.4339 11.8961 
2 -10.58442 5.16203 .250 -25.3943 4.2254 
3 -21.28571* 6.35840 .015 -39.5279 -3.0435 
*. The mean difference is significant at the 0.05 level. 
 
